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may  be  prepared  by  bringing  the  de-N-acetylated  chitin  and 
the  fibrous  collagen  into  mutual  contact  in  an  aqueous  acidic 
medium  followed  by  deacidifying  the  product  obtained.  The 
fibrous  collagen  can  be  partially  replaced  by  gelatin  and/or 
soluble  collagen.  The  composite  material  finds  use  in  medical 
materials,  as  an  edible  casing  for  food  and  as  a  base  material 
for  immobilizing  an  enzyme. 



T h i s   i n v e n t i o n   r e l a t e s   t o   a  c o m p o s i t e   m a t e r i a l  

c o m p r i s i n g   d e - N - a c e t y l a t e d   c h i t i n   and   f i b r o u s   c o l l a g e n ,  

t o  i t s   p r e p a r a t i o n   and   to   i t s   u s e .  

R e p r e s e n t a t i v e   c o l l a g e n   p r o t e i n s   a r e   t h e  

s c l e r o p r o t e i n s   c o n t a i n e d   in  c o n n e c t i v e   t i s s u e s ,   b o n e s ,  

t e e t h ,   l i g a m e n t s ,   t e n d o n s ,   c u t i s e s ,   f a s c i a e ,   e t c .   o f  

m a m m a l s ,   b i r d s ,   e t c .   They  a r e   w i d e l y   e m p l o y e d   as  e d i b l e  

c a s i n g   m a t e r i a l ,   s u r g i c a l   s u t u r e s ,   p i e c e s   f o r  

v a s c u l o p l a s t i c   t r a n s p l a n t a t i o n   or   a r t i f i c i a l   s k i n s ,   e t c .  

A l t h o u g h   c o l l a g e n   i s   s u p e r i o r   to   o t h e r   m a t e r i a l s   u s e d   i n  

s u c h   f i e l d s ,   i t   i s   n o t   a l w a y s   s a t i s f a c t o r y .  

For   i n s t a n c e ,   as  a  c a s i n g   m a t e r i a l   f o r   f o o d s  

s u c h   as  ham  and  s a u s a g e   w h i c h   n e c e s s i t a t e   s m o k e - d r y i n g ,  

t h e   g u t   of  c a t t l e ,   s w i n e ,   s h e e p ,   e t c . ,   i . e .   n a t u r a l  

c o l l a g e n   m a t e r i a l ,   h a s   b e e n   u t i l i z e d .   However ,   t h e r e   a r e  

l i m i t s   to   t h e   p r o d u c t i o n   of   s h a p e d  m a t e r i a l   f r o m   n a t u r a l  

c o l l a g e n   m a t e r i a l .   S i n c e   t h i s   s h a p e d   m a t e r i a l   i s  

p r o d u c e d   v i a   v a r i o u s   c o m p l i c a t e d   and   t r o u b l e s o m e  

t r e a t m e n t   s t e p s ,   i t   i s   h i g h l y   e x p e n s i v e .   B e s i d e s ,   s i n c e  

t h e   s h a p e   and   q u a l i t y   of   n a t u r a l   c o l l a g e n   m a t e r i a l   a r e  

i r r e g u l a r ,   s u c h   m a t e r i a l   h a s   s c a r c e l y   b e e n  u s e d   i n  

c o n j u n c t i o n  w i t h   c o n v e n t i o n a l   h i g h - s p e e d   m e a t - s t u f f i n g  

m a c h i n e s i n   t h e   p r o d u c t i o n   of   ham  and  s a u s a g e .  

T u b e s   made  of  c o l l a g e n   f i b e r s ,   i . e .   a n  

a r t i f i c i a l   c o l l a g e n   c a s i n g ,   h a v e   b e e n   p r o p o s e d   to   r e s o l v e  

t h e   a b o v e - m e n t i o n e d   d e m e r i t s .   H o w e v e r ,   a r t i f i c i a l  

c o l l a g e n   f i b e r s   a r e   p o o r   f i l m - f o r m i n g   m a t e r i a l s .   B e s i d e s ,  

a r t i f i c i a l   c o l l a g e n   c a s i n g s   n e e d   to   p o s s e s s   a  l a r g e  

t h i c k n e s s   to   r e t a i n   t h e i r   m e c h a n i c a l   s t r e n g t h .   A c c o r d i n g l y ,  



t h e y   do  n o t   p o s s e s s   a  g o o d   a p p e a r a n c e   and   h a v e   a  

n o t i c e a b l y   d i f f e r e n t   f e e l   when  e a t e n .   F u r t h e r ,   i n   h a m s  

and   s a u s a g e s   e n c a s e d   in   s u c h   a r t i f i c i a l   c o l l a g e n   c a s i n g s ,  

u n f a v o r a b l e   p h e n o m e n a   s u c h   as   b r e a k i n g   d u r i n g   c o o k i n g  

and   o f   a b l a t i o n   o f   t h e   c a s i n g   f r o m   t h e   s t u f f e d   m e a t  

t a k e   p l a c e .   R e c e n t l y ,   t h e   i d e a   of   c r o s s l i n k i n g   t h e  

a r t i f i c i a l   c o l l a g e n   in   a  c a s i n g   h a s   b e e n   p r o p o s e d   f o r  

r e s o l v i n g   t h e   p r o b l e m   d u r i n g   c o o k i n g .   H o w e v e r ,   s u c h  

c r o s s l i n k e d   c o l l a g e n   c a s i n g s   do  n o t   h a v e   a  s a t i s f a c t o r y  

f e e l i n g   in   t h e   m o u t h ,   e i t h e r .  

S u r g i c a l   m a t e r i a l s   s u c h   as  t h e   s u r g i c a l   s u t u r e s ,  

a r t i f i c i a l   s k i n   and   h e m o s t a t i c   m a t e r i a l ,   e t c .   made  f r o m  

c o l l a g e n   m a t e r i a l s   a r e  s t i l l   u n s a t i s f a c t o r y   f r o m   t h e  

v i e w p o i n t   of   t h e i r   b i o s t a b i l i t y   ( t h e   p r o p e r t y   of   n o t  

b e i n g   a b s o r b e d   by  l i v i n g   b o d y )   o t h e r   t h a n   t h e   p r o b l e m   o f  

s t r e n g t h .   P r o v i d i n g   b i o s t a b i l i t y   t o   a  c o l l a g e n   m a t e r i a l  

h a s   b e e n   s t u d i e d   f r o m   v a r i o u s   a s p e c t s .   The  c o l l a g e n   c a n  

be  c r o s s l i n k e d .   H o w e v e r ,   t h e   s h a p e d   m a t e r i a l   made  f r o m  

c r o s s l i n k e d   c o l l a g e n   i s   n o t i c e a b l y   p o o r e r   i n   e l a s t i c i t y  

t h a n   m a t e r i a l   made  f r o m   c o n v e n t i o n a l   s h a p e d   c o l l a g e n  

m a t e r i a l .   In   a d d i t i o n ,   t h e   f o l l o w i n g   p r o c e s s   i s   u n d e r  

t r i a l   w i t h   t h e   i n t e n t i o n   of   r e s o l v i n g   t h e   a b o v e - m e n t i o n e d  

p r o b l e m s   by  f o r m i n g   a  p o l y i o n   c o m p l e x   b e t w e e n   c o l l a g e n  

and   a  h i g h   p o l y m e r i c   s u b s t a n c e   h a v i n g   c a r b o x y l   g r o u p ( s )  

o r   s u l f a t e   g r o u p ( s ) :  

w h e r e i n  r e p r e s e n t s   a  c o l l a g e n   m o l e c u l e   i o n  

a n d  r e p r e s e n t s   an  i o n   of   a  h i g h   p o l y m e r i c  

s u b s t a n c e .   The  t h u s   o b t a i n e d   p o l y i o n   c o m p l e x   i s  



e x c e l l e n t   in   b i o s t a b i l i t y   and   h a s   an  a n t i t h r o m b o g e n i c  

p r o p e r t y .   H o w e v e r ,   i t   d i s s o l v e s   in   a q u e o u s   m e d i a ,   f o r  

e x a m p l e   in   an  a q u e o u s   s o l u t i o n  o f   an  i n o r g a n i c   s a l t  

s u c h   as   s o d i u m   c h l o r i d e ,   and  p o s s e s s e s   p o o r   m e c h a n i c a l  

p r o p e r t i e s .   A c c o r d i n g l y ,   i t   i s   n e c e s s a r y   to   s u b j e c t   t h e  

p o l y i o n   c o m p l e x   to   a  f u r t h e r   t r e a t m e n t   t o   s t a b i l i s e   i t ,  

s u c h   as   to   c r o s s l i n k i n g ,   e t c .  

I t   h a s   now  b e e n   f o u n d   t h a t   t h e   p r o b l e m s   o f  

p r i o r   a r t   c a n   be  o v e r c o m e   by  u s i n g   a  c o m p o s i t e   m a t e r i a l  

i n c o r p o r a t i n g   d e - N - a c e t y l a t e d   c h i t i n   and   f i b r o u s  

c o l l a g e n .   A c c o r d i n g l y ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s  

a  c o m p o s i t e   m a t e r i a l   c o m p r i s i n g   d e - N - a c e t y l a t e d   c h i t i n  

and   f i b r o u s   c o l l a g e n .   The  m a t e r i a l   may  f u r t h e r   c o m p r i s e  

g e l a t i n   a n d / o r   s o l u b l e  c o l l a g e n .   The  m a t e r i a l   of   t h e  

i n v e n t i o n  m a y   t h e r e f o r e   be  a  two  c o m p o n e n t   m a t e r i a l   o f  

d e - N - a c e t y l a t e d   c h i t i n   and   f i b r o u s  c o l l a g e n ,   a  t h r e e  

c o m p o n e n t   m a t e r i a l   of   d e - N - a c e t y l a t e d   c h i t i n ,   f i b r o u s  

c o l l a g e n   and   g e l a t i n   o r   s o l u b l e   c o l l a g e n ,   o r   a  f o u r  

c o m p o n e n t   m a t e r i a l   o f   d e - N - a c e t y l a t e d   c h i t i n ,   f i b r o u s  

c o l l a g e n ,   g e l a t i n   and   s o l u b l e   c o l l a g e n .  

The  two  c o m p o n e n t   c o m p o s i t e   c o m p r i s i n g   d e - N -  

a c e t y l a t e d   c h i t i n   and   f i b r o u s   c o l l a g e n   c a n   c o n t a i n   0 . 0 1  

to   99  p a r t s   by  w e i g h t   of   t h e   d e - N - a c e t y l a t e d   c h i t i n   1  t o  

9 9 . 9 9   p a r t s   by  w e i g h t   of   f i b r o u s   c o l l a g e n   p e r   100  p a r t s  

by  w e i g h t   of  t h e   c o m p o s i t e   m a t e r i a l .   The  t h r e e   o r   f o u r  

c o m p o n e n t   c o m p o s i t e   c a n   be  o b t a i n e d   by  p a r t i a l l y  

r e p l a c i n g   t h e   f i b r o u s   c o l l a g e n   of  t h e   two  c o m p o n e n t  

c o m p o s i t e   m a t e r i a l   w i t h   g e l a t i n   a n d / o r   s o l u b l e   c o l l a g e n ,  

w h e r e i n   ' t h e   a m o u n t   o f   g e l a t i n   a n d / o r   s o l u b l e   c o l l a g e n  

i s   up  to   40  p a r t s   by  w e i g h t   p e r   100  p a r t s   by  w e i g h t   o f  

t h e   c o m p o s i t e   m a t e r i a l .  

The  c o m p o s i t e   m a t e r i a l   i s   p r e p a r e d   a c c o r d i n g  

to   t h e   i n v e n t i o n   by  b r i n g i n g   d e - N - a c e t y l a t e d   c h i t i n   i n t o  

c o n t a c t   w i t h   f i b r o u s   c o l l a g e n   and  o p t i o n a l l y   g e l a t i n  

a n d / o r   s o l u b l e   c o l l a g e n   in   an  a c i d i c   med ium  a n d  



d e a c i d i f y i n g   t h e   p r o d u c t   t h u s   o b t a i n e d .   The  pH  of   t h e  

a q u e o u s   a c i d i c   m e d i u m   can   be  f r o m   1  to   6,  p r e f e r a b l y  

f r o m   3  to   6.  The  d e a c i d i f i e d   p r o d u c t   c an   b e  

c r o s s l i n k e d ,   i f   n e c e s s a r y .  
P r o t e i n i c   c o m p o s i t e   m a t e r i a l s   s u c h   as  t h o s e  

c o m p r i s i n g   c o l l a g e n   f i b e r   and  a  s o l u b l e   p r o t e i n   o r  

c o l l a g e n   f i b e r   and   g e l a t i n ,   h a v e   b e e n   r e p o r t e d .   H o w e v e r ,  

s i n c e   in   s u c h   p r o t e i n i c   c o m p o s i t i o n s   t h e   b o n d i n g   b e t w e e n  

c o l l a g e n   and  t h e   s o l u b l e   c o m p o n e n t   i s   w e a k ,   t h e r e   i s   a  

n o t i c e a b l e   r e d u c t i o n   in   t h e   s t r e n g t h   of   t h e   c o m p o s i t i o n  

when   i t   i s   b r o u g h t   i n t o   h o t  w a t e r .   On  t h e   o t h e r   h a n d ,  

c o m p o s i t e   m a t e r i a l s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

do  n o t   d i s s o l v e   in   a q u e o u s   s a l t   s o l u t i o n s   and   can   p o s s e s s  
e x c e l l e n t   m e c h a n i c a l   s t r e n g t h   w h i c h   i s n o t   p a r t i c u l a r l y  

r e d u c e d   in   h o t   w a t e r .   I t   i s   p o s s i b l e   t o   o b t a i n   m a t e r i a l s  

w h i c h   a r e   n o t   a b s o r b e d   by  l i v i n g   b o d i e s , c o a g u l a t e   b l o o d ,  

r e s i s t   a t t a c k   by  b a c t e r i a ,   p o s s e s s   f i l m - f o r m i n g   a b i l i t y  

and   a d h e r e   c l o s e l y   to   s t u f f e d   m a t e r i a l s   s u c h   as  m e a t .  

A l t h o u g h   i t   h a s   n o t   y e t   b e e n   e l u c i d a t e d   w h y  

t h e   c o m p o s i t e   m a t e r i a l   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

can   p o s s e s s   s u c h   p r o p e r t i e s ,   t h e   e x i s t e n c e   of  t h e   s t r o n g  

b o n d i n g   b e t w e e n   t h e   d e - N - a c e t y l a t e d   c h i t i n   and   t h e  

p r o t e i n a c e o u s   f i b r o u s   c o l l a g e n ,   g e l a t i n   and   s o l u b l e  

c o l l a g e n   i s   p r e s u m e d   to   f o rm  a  s t a b l e   p o l y i o n   c o m p l e x   a s  

f o l l o w s :  

w h e r e i n  r e p r e s e n t s   an  i o n   of  a  p r o t e i n a c e o u s  

m o l e c u l e   a n d  r e p r e s e n t s   an  i o n   of   t h e   d e - N -  

a c e t y l a t e d   c h i t i n   m o l e c u l e .  

The  c o m p o s i t e   m a t e r i a l   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n   i s   a p p l i c a b l e   to   v a r i o u s   u s a g e s .   One  s u c h  

u s a g e   i s   as  an  e d i b l e   c a s i n g   m a t e r i a l .  B e s i d e s ,   a s  

K i r i y a m a   e t   a l   h a v e   r e p o r t e d   in   A . N . I .   No.  71,  s i n c e  

c h i t o s a n   h a s   t h e   f o l l o w i n g   p h y s i o l o g i c a l   a c t i v i t i e s :  



a)  r e t u r n i n g   to   n o r m a l   r a i s e d   l e v e l s   of   s e r u m  

c h o l e s t e r o l ,  

b)  i n h i b i t i n g   t h e   r a i s i n g   of   t h e   l e v e l   of   b l o o d  

s u g a r ,  

c)  r e m o v i n g   g r o w t h - i n h i b i t i n g   s u b s t a n c e s   a n d  

d)  p r e v e n t i n g   c a n c e r   of   t h e   c o l o n ,  

c o m p o s i t e   m a t e r i a l s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  

may  be  a d d e d   to   f o o d s   in   t h e   f o r m   of   s p h e r i c a l l y   s h a p e d  

o r   f i b r o u s   m a t e r i a l ,   o r   may  e x h i b i t   p r e v e n t i v e   o r  

t h e r a p e u t i c   e f f e c t s   to   t h e   v a r i o u s   s y m p t o m s   s u c h   as  a )  

to   d)  as  an  e d i b l e   m a t e r i a l .  

F u r t h e r m o r e ,   s i n c e   t h e   c o m p o s i t e   m a t e r i a l  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   i s   n o t   a b s o r b a b l e   b y  

l i v i n g   b o d i e s   b e c a u s e   of  t h e   p r e s e n c e   of   d e - N - a c e t y l a t e d  

c h i t i n , a n d   a l s o   h a s   a  b l o o d - c o a g u l a t i n g   p r o p e r t y ,   i t   c a n  

be  s u r g i c a l l y   o r   t h e r a p e u t i c a l l y   a p p l i e d   in   t h e   f o r m s   o f  

f i l m s ,   f i b e r s   and   m a t e r i a l s   h a v i n g   a  t h r e e   d i m e n s i o n a l  

s t r u c t u r e .   A l t h o u g h   t h e   c r o s s l i n k e d   o r   u n c r o s s l i n k e d  

c o m p o s i t e   m a t e r i a l s   a r e   t h e m s e l v e s   t h r o m b o g e n i c ,   t h e s e  

can   be  a p p l i e d   as  an  a n t i - t h r o m b o g e n i c   m a t e r i a l   a f t e r  

b e i n g   t r e a t e d   w i t h   h e p a r i n .   I t   i s   p o s s i b l e   to   u s e   t h e  

m a t e r i a l s   m e d i c a l l y   f o r   a r t i f i c i a l   v e s s e l s ,   a r t i f i c i a l  

s k i n s ,   a r t i f i c i a l   k i d n e y s ,   e t c .  
In  a d d i t i o n ,   s i n c e   t h e   c o m p o s i t e   m a t e r i a l  

a c c o r d i n g   to   t h e  p r e s e n t   i n v e n t i o n   i s   e x c e l l e n t   i n  

a d s o r b i n g   p r o t e i n s ,   i t   i s   p o s s i b l e   t o   u s e   i t   as  a  b a s e  

m a t e r i a l   f o r   i m m o b i l i z i n g   e n z y m e s   and   m i c r o o r g a n i s m s   o r  

as  an  a d s o r b e n t   of   e n z y m e s   and  m i c r o o r g a n i s m s .  

The  d e - N - a c e t y l a t e d   c h i t i n   p r e f e r a b l y   h a s ,   f r o m  

t h e   v i e w p o i n t   of   s o l u b i l i t y   and  p r o c e s s a b i l i t y ,   a  d e g r e e  

of   d e - N - a c e t y l a t i o n   of   50  to  100%,  p r e f e r a b l y   70  to   1 0 0 %  

and   a  v i s c o s i t y   of   2 x 1 0 - 2   to   1  Pa  s  (20  to   1000  c p ) ,   t h e  

v i s c o s i t y   b e i n g   d e t e r m i n e d   a t   20°C  on  an  a q u e o u s   1% 

by  w e i g h t   s o l u t i o n   of   a c e t i c   a c i d   c o n t a i n i n g   0.5%  b y  

w e i g h t   of  t h e   d e - N - a c e t y l a t e d   c h i t i n .   C o m m e r c i a l i z e d  



c h i t o s a n   o r   t h e   p r o d u c t   o b t a i n e d   by  h e a t i n g   c h i t i n   i n  

an  a q u e o u s   a l k a l i   s o l u t i o n   of   h i g h   c o n c e n t r a t i o n   may  b e  

u s e d .   The  c h i t i n   c a n   be  o b t a i n e d   f rom  s h e l l s   o f  

a r t h r o p o d s   s u c h   as  c r a b s ,   l o b s t e r s ,   s h r i m p s ,   e t c .   b y  

c o n v e n t i o n a l   s e p a r a t i o n   and   p u r i f i c a t i o n   t e c h n i q u e s .  

The  p r o t e i n   u s e d   in   t h e   p r e s e n t   i n v e n t i o n   i s  

f i b r o u s   c o l l a g e n ,   w h i c h  i s   i n s o l u b l e   in   an  a q u e o u s   s o l v e n t ,  

and   o p t i o n a l l y   g e l a t i n   and   s o l u b l e   c o l l a g e n ,   w h i c h   a r e  

s o l u b l e   in   an  a q u e o u s   s o l v e n t .   T h e s e   p r o t e i n s   a r e  

h e r e i n a f t e r   r e f e r r e d   to   as  t h e   p r o t e i n i c   c o m p o n e n t .   T h e  

p r o t e i n i c   c o m p o n e n t   i s   o b t a i n a b l e   by  s e p a r a t i n g   a n d  

p u r i f y i n g   p r o t e i n a c e o u s   t i s s u e s   f r o m   l i v i n g   b o d i e s   o f  

v a r i o u s   a n i m a l s ,   o r   by  c h e m i c a l l y   t r e a t i n g   t h e   s e p a r a t e d  

and   p u r i f i e d   p r o t e i n .   The  a q u e o u s   s o l v e n t   i s   an  a q u e o u s  
s o l u t i o n   of   a c i d   o r   a l k a l i .   The  a c i d   may  be  an  i n o r g a n i c  

a c i d   s u c h   as  h y d r o c h l o r i c   a c i d ,   a  s i n g l e   o r g a n i c   a c i d  

s u c h   as  a c e t i c   a c i d ,   p r o p i o n i c   a c i d ,   a d i p i c   a c i d ,   o r   a  

m i x t u r e   of   two  o r   m o r e   k i n d s   of   o r g a n i c   a c i d .   The  a l k a l i  

i s   a  c o n v e n t i o n a l   a l k a l i   s u c h   as  s o d i u m   h y d r o x i d e ,  

p o t a s s i u m   h y d r o x i d e ,   e t c .  

C o l l a g e n   f i b e r   c an   be  o b t a i n e d   by  c h e m i c a l l y   o r  

m e c h a n i c a l l y   r e m o v i n g   n o n - c o l l a g e n i c   c o m p o n e n t s   f r o m   t h e  

f i b r o u s   c o m p o n e n t s   c o n s t i t u t i n g   m a j o r   p r o t e i n   w h i c h   i s  

p r e s e n t   in   t h e   c o n n e c t i n g   t i s s u e s   o f  a n i m a l s .   C o l l a g e n  

f i b e r ,   f o r   e x a m p l e ,   may  be  p r e p a r e d   by  a  p r o c e s s   w h e r e i n  

b o v i n e   h i d e   o r   b o v i n e   A c h i l l e s   t e n d o n ,   a f t e r   h a v i n g   b e e n  

s u b j e c t e d   to   a  d e p i l a t i n g   t r e a t m e n t ,   i s   f i n e l y   c u t   by  a  

m i n c i n g   m a c h i n e   and  i s   s w o l l e n   in   an  a q u e o u s   a c i d i c  o r  

a l k a l i n e   med ium,   and   t h e n   i s   d i s i n t e g r a t e d   by  a  g r i n d e r  

t o   o b t a i n   an  a q u e o u s   d i s p e r s i o n ,   f o l l o w e d   by  f i l t r a t i o n ,  

i f   n e c e s s a r y .  
In   o r d e r   to   i m p r o v e   t h e   s t r e n g t h   a n d  

h o m o g e n e i t y   o f   t h e   c o m p o s i t e   m a t e r i a l   t h a t   i s   p r o d u c e d  

i t   i s   p r e f e r a b l e   to   s u b j e c t   t h e   c o l l a g e n ,   f o r   e x a m p l e  

t h e   f i n e l y   c u t   h i d e   o r   t e n d o n ,   to   a  p r e t r e a t m e n t .   T h e  

p r e t r e a t m e n t   may  be  c r o s s l i n k i n g   of  t h e   a m i n o   g r o u p   o f  



l y s i n e   r e s i d u e s   in   c o l l a g e n   by  a  c r o s s l i n k i n g   a g e n t  

s u c h   as  f o r m a l d e h y d e ,   g l u t a r a l d e h y d e ,   d i a l d e h y d e .  

s t a r c h ,   g l y o x a l ,   s m o k e - d r y i n g   l i q u i d ,   e p i h a l o h y d r i n ,  

e t c . ,   s u c c i n y l a t i o n   of   t h e   a m i n o   g r o u p s   by  s u c c i n i c  

a n h y d r i d e ,   a c y l a t i o n   of   t h e   a m i n o   g r o u p s   by  c a r b o x y l i c  

a c i d   a n h y d r i d e   o r   e s t e r i f i c a t i o n   o f   c a r b o x y l  g r o u p s   i n  

t h e   s i d e   c h a i n   of   a s p a r t i c   a c i d   r e s i d u e s   o r   g l u t a m i c  

a c i d   r e s i d u e s   in  c o l l a g e n .  

As  t h e   raw  m a t e r i a l   f o r   t h e   c o l l a g e n   f i b e r s ,  

s c r a p   c o l l a g e n   r e m a i n i n g   a f t e r   t h e   p r e p a r a t i o n   o f  

n a t u r a l   o r   a r t i f i c i a l   c o l l a g e n   c a s i n g s   w h i c h   a r e   n o t  

u t i l i z a b l e   f o r   s u c h   c a s i n g s   c an   be  e m p l o y e d .  

The  f i b r o u s   c o l l a g e n   i s   p r e f e r a b l y   1 0 - 6   t o  

3  x  1 0 - 6 m   (1  t o   311)  in   d i a m e t e r   and  1 0 - 4   to   1 . 5   x  1 0 - 2 m  

( 0 . 1   to   15  mm)  in   l e n g t h ,   and   f r o m   5 , 0 0 0   to   1 , 0 0 0 , 0 0 0 ,  

p r e f e r a b l y   2 0 , 0 0 0   to   5 0 0 , 0 0 0   in   m o l e c u l a r   w e i g h t ,  

a l t h o u g h   n o t   n e c e s s a r i l y   b e i n g   r e s t r i c t e d   to   s u c h   r a n g e s .  

The  g e l a t i n   may  be  of   t h e   t y p e   u s e d   in   t h e   f o o d  

i n d u s t r y .   The  s o l u b l e   c o l l a g e n ,   s o l u b l e   in   an  a q u e o u s  

s o l v e n t ,   may  be  o b t a i n e d   by  t r e a t i n g   t h e   f i b r o u s   c o l l a g e n  

w i t h   p r o t e i n a s e ,   an  a c i d   o r   an  a l k a l i  t o   b e c o m e   w h o l l y  

s o l u b l e   in   t h e   a q u e o u s   s o l v e n t .   A  p a r t l y   s o l u b i l i z e d  

p r o d u c t   o b t a i n a b l e   by  t r e a t m e n t   o f  f i b r o u s   c o l l a g e n   i s  

u s a b l e   as   a  m i x t u r e   of   t h e   f i b r o u s   c o l l a g e n   and  t h e  

s o l u b l e   c o l l a g e n .  

The  s o l u b l e   g e l a t i n   and   s o l u b l e   c o l l a g e n   a r e  

e m p l o y e d   in   an  a m o u n t   of   0  to   40  p a r t s   by  w e i g h t   p e r  

100  p a r t s   by  w e i g h t   of   t h e   c o m p o s i t e   m a t e r i a l .   When  t h e  

a m o u n t   of   g e l a t i n ,   s o l u b l e   c o l l a g e n   o r   m i x t u r e   t h e r e o f  

i s   more   t h a n   40  p a r t s   by  w e i g h t ,   t h e   m o i s t u r e   c o n t e n t   o f  

t h e   c o m p o s i t e   m a t e r i a l   t h a t   i s   o b t a i n e d   i s   so  much  t h a t  

i t   i s   d i f f i c u l t   to   m a i n t a i n   t h e   s h a p e   of   t h e   c o m p o s i t e  

m a t e r i a l   and   i t s   t e n s i l e   s t r e n g t h   i s   p o o r .   The  u s e   o f  

g e l a t i n   i s   p r e f e r a b l e   as  t h e   s o l u b l e   p r o t e i n .   T h e  

a m o u n t   of   t h e   g e l a t i n   i s   p r e f e r a b l y   5  to   30  p a r t s   b y  



w e i g h t   p e r   100  p a r t s   by  w e i g h t   of   t h e   c o m p o s i t e   m a t e r i a l .  

The  s o l u b l e   p r o t e i n ,   as   a  c o m p o n e n t   of   t h e   c o m p o s i t e  

m a t e r i a l ,   c o n t r i b u t e s   to   t h e   p l i a b i l i t y ,   r e d u c e d   t h e r m a l  

d e f o r m a t i o n   t e m p e r a t u r e ,   i m p r o v e d   m e c h a n i c a l   s t r e n g t h ,  
and   a l s o   i m p r o v e d   d i e t a r y   f e e l i n g   of   t h e   c o m p o s i t e  

m a t e r i a l .  

As  i n d i c a t e d   a b o v e ,   t h e   c o m p o s i t e   m a t e r i a l   i s  

p r e p a r e d   a c c o r d i n g   to   t h e   i n v e n t i o n   by  f i r s t   b r i n g i n g  

t h e   d e - N - a c e t y l a t e d   c h i t i n   and   t h e   p r o t e i n i c   c o m p o n e n t  
i n t o   c o n t a c t   in   an  a c i d i c   med ium,   f o r   e x a m p l e   h a v i n g   a  

pH  v a l u e   in   t h e   r a n g e   o f   1  to   6,  p r e f e r a b l y   of   3  to   6 ,  

on  d e a c i d i f y i n g   of   t h e   p r o d u c t   t h u s   o b t a i n e d ,   f o l l o w e d  

by  c r o s s l i n k i n g   i f   n e c e s s a r y .  

The  d e a c i d i f y i n g   t r e a t m e n t   m e n t i o n e d   h e r e i n  

m e a n s   a d j u s t i n g   t h e   pH  of   t h e   r e a c t i o n   p r o d u c t   o f   t h e  

d e - N - a c e t y l a t e d   c h i t i n   and   t h e   p r o t e i n i c   c o m p o n e n t   t o  

a  v a l u e   w h i c h   i s   h i g h e r   t h a n   t h e   i s o e l e c t r i c   p o i n t   o f   t h e  

r e a c t i o n   p r o d u c t .   The  d e a c i d i f i c a t i n g   t r e a t m e n t   i s  

a c c o m p l i s h e d ,   f o r   i n s t a n c e ,   by  a d d i t i o n   o f   an  a l k a l i n e  

s o l u t i o n   s u c h   as  s o d i u m   h y d r o x i d e ,   p o t a s s i u m   h y d r o x i d e   o r  .  

ammonium  h y d r o x i d e   t o   b r i n g   t h e   pH  to   a b o v e   7,  b y  

a d d i t i o n   o f   an  a q u e o u s   s o l u t i o n   of   a l k a l i n e   s a l t ,   b y  

r e m o v a l   o f   a c i d   p r e s e n t   in   t h e   r e a c t i o n   m i x t u r e   b y  

e v a p o r a t i o n   o r   by  t r e a t m e n t   by  e l e c t r o d e p o s i t i o n .  

The  g e l a t i n   o b t a i n e d   by  d e n a t u r i n g   c o l l a g e n   c a n  

h a v e   v a r i o u s   i s o e l e c t r i c   p o i n t s ,   j e l l y   s t r e n g t h s ,   a s h  

c o n t e n t s ,   e t c .   d e p e n d i n g   on  t h e   d e n a t u r a t i o n   t r e a t m e n t .  

A c c o r d i n g l y ,   w h e r e   a  p r o t e i n a c e o u s   c o m p o s i t e   m a t e r i a l   i s  

p r e p a r e d   by  e l e c t r o d e p o s i t i o n   o f   t h e   g e l a t i n   o b t a i n e d   b y  

an  a c i d - t r e a t m e n t ,   i t   i s   n e c e s s a r y   to   a d j u s t   t h e   pH  of   t h e  

e l e c t r o d e p o s i t i o n - c o n t r o l l i n g   l i q u i d   to   h i g h e r   t h a n   7  t o  

d e p o s i t   t h e   c o m p o s i t e   m a t e r i a l   on  t h e   c a t h o d e .   On  t h e  

o t h e r   h a n d ,   i n   t h e   c a s e   w h e r e   g e l a t i n   o b t a i n e d   by  a l k a l i -  

t r e a t m e n t   i s   u s e d ,   t h e   c o m p o s i t e   m a t e r i a l   m u s t   be  f o r m e d  

on  t h e   a n o d e   by  a d j u s t i n g   t h e   pH  of   t h e   e l e c t r o d e p o s i t i o n -  

c o n t r o l l i n g   l i q u i d   to   l o w e r   t h a n   7.  On  t h e   o t h e r   h a n d ,  



in   t h e   p r e s e n t   i n v e n t i o n ,   t h e   c o m p o s i t e   m a t e r i a l   c a n  

a l s o   be  p r e p a r e d   by  e l e c t r o d e p o s i t i o n   w i t h o u t   t h e   a b o v e -  

m e n t i o n e d   r e s t r i c t i o n   o w i n g   to   t h e   p r e s e n c e   of   t h e  

d e - N - a c e t y l a t e d   c h i t i n .   M e a n w h i l e ,   as  t h e   g e l a t i n   f o r  

u s e   in   t h e   c a s e   of   s h a p i n g   by  e l e c t r o d e p o s i t i o n ,   a  p r o d u c t  

c o n t a i n i n g   l e s s   t h a n   0 .5%  by  w e i g h t   of   a s h ,   p r e f e r a b l y  

l e s s   t h a n   0 .2%  by  w e i g h t   of   a s h ,   i s   d e s i r a b l e   f rom  t h e  

v i e w p o i n t s   of  q u a l i t y   and  e l e c t r i c i t y   c o n s u m p t i o n   i n  

p r e p a r a t i o n .  

A c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   by  c o m b i n i n g  

t h e   p r o t e i n i c   c o m p o n e n t   w h i c h   h a s   i n s u f f i c i e n t   s h a p e -  

f o r m i n g   p r o p e r t y   w i t h   t h e   d e - N - a c e t y l a t e d   c h i t i n ,   t h e  

s h a p e - f o r m i n g   p r o p e r t y ,   f o r   e x a m p l e   m e m b r a n e - f o r m i n g  

p r o p e r t y ,   can   be  i m p r o v e d   and   p r o b l e m s   c o n c e r n i n g   t h e  

p r e p a r a t i o n   o f   t h e   c o m p o s i t e   m a t e r i a l   s u c h   as   y i e l d ,  

s t a b i l i t y   and  u n i f o r m i t y   of   t h e   p r o d u c t   c an   be  o v e r c o m e .  

B e s i d e s ,   s i n c e   t h e   r e s i d u a l   f r e e   a l d e h y d e   r e m a i n i n g   a f t e r  

t h e   c r o s s l i n k i n g   p r e t r e a t m e n t   of  t h e   f i b r o u s   c o l l a g e n   i s  

a l s o   r e a c t e d   w i t h   t h e   d e - N - a c e t y l a t e d   c h i t i n ,   t h e   c o m p o s i t e  

m a t e r i a l   i s   d e s i r a b l e   f r o m   t h e   v i e w p o i n t   of   s a f e t y .  

The  p r e p a r a t i o n   of   t h e   c o m p o s i t e   m a t e r i a l   of   t h e  

p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   in   more   d e t a i l .  

As  one   way  of   c o n t a c t i n g   t h e   p r o t e i n i c   c o m p o n e n t  

and   t h e   d e - N - a c e t y l a t e d   c h i t i n ,   a n  a c i d   m e d i u m   c o n t a i n i n g  

t h e   d e - N - a c e t y l a t e d   c h i t i n   and  a  medium  c o n t a i n i n g   a  

p r o t e i n i c   c o m p o n e n t   can   be  m i x e d   and  t h e   m i x t u r e   d i s p e r s e d .  

In  t h i s   c a s e ,   t h e   c o n c e n t r a t i o n   of   t h e   d e - N - a c e t y l a t e d  

c h i t i n   in   t h e   a c i d i c   med ium  i s   p r e f e r a b l y   l e s s   t h a n   5%  b y  

w e i g h t ,   more   p r e f e r a b l y   l e s s   t h a n   1%  by  w e i g h t ,   b e c a u s e   o f  

i t s   v i s c o s i t y   ( t h e   med ium  b e i n g   an  a q u e o u s   d i l u t e  

s o l u t i o n   of   a c e t i c   a c i d ,   h y d r o c h l o r i c   a c i d ,   e t c . ) ,   and   t h e  

pH  of   t h e   a c i d i c   med ium  i s   p r e f e r a b l y   1  to   6,  p r e f e r a b l y  

3  to   6.  I t   i s   n o t   a l w a y s   n e c e s s a r y   f o r   t h e   d e - N -  

a c e t y l a t e d   c h i t i n   to   be  h o m o g e n e o u s l y   d i s s o l v e d   in  t h e  

m e d i u m .   The  d e - N - a c e t y l a t e d   c h i t i n   m a y - b e   d i s p e r s e d  



u n i f o r m l y   as  a  f i b r o u s   s t a t e .   The  m e d i u m   c o n t a i n i n g   t h e  

p r o t e i n i c   c o m p o n e n t   may  be  p r e p a r e d   by  d i s p e r s i n g   t h e  

p r o t e i n i c   c o m p o n e n t   in   an  a q u e o u s   a c i d i c   s o l u t i o n   o f  

h y d r o c h l o r i c   a c i d ,   e t c .   and   by  a d j u s t i n g   t h e   pH  t h e r e o f  

t o   3  t o   6,  p r e f e r a b l y   3  to   4.   H o w e v e r ,   t h e   med ium  n e e d  

n o t   n e c e s s a r i l y   be   a c i d i c .   I t   may  be  n e u t r a l   o r   a l k a l i n e  

and   in   t h i s   c a s e ,   i t   i s   n e c e s s a r y   to   e n s u r e   t h a t   t h e   pH 
of   t h e   m i x t u r e   of   t h e   m e d i u m   c o n t a i n i n g   t h e   d e - N - a c e t y l a t e d  

c h i t i n   and   t h e   m e d i u m   c o n t a i n i n g   t h e   p r o t e i n i c   c o m p o n e n t  

i s   in   t h e   a c i d i c   r e g i o n .   In  a d d i t i o n ,   in   t h e   c a s e   o f  

e l e c t r o d e p o s i t i o n ,   t h e   med ium  c o n t a i n i n g   t h e   p r o t e i n i c  

c o m p o n e n t   i s   u s e d   in   an  a c i d i c   s t a t e .  

In  t h e   p r e s e n t   i n v e n t i o n ,   a  f i l m - l i k e   c o m p o s i t e  

m a t e r i a l   can   be  p r e p a r e d   by  p o u r i n g   a  d e - b u b b l e d   m i x t u r e  

of   t h e   med ium  c o n t a i n i n g   t h e   d e - N - a c e t y l a t e d   c h i t i n   a n d  

t h e   m e d i u m   c o n t a i n i n g   t h e   p r o t e i n i c   c o m p o n e n t   o n t o   a  g l a s s  

p l a t e   and   t h e n   d e - a c i d i f y i n g   t h e   p o u r e d   m i x t u r e   by  t h e   u s e  

of   a  h o t   a i r   d r i e r .   The  f i l m - l i k e   c o m p o s i t e   m a t e r i a l   i s  

c h a r a c t e r i s e d   in   t h a t   i t s   s t r e n g t h   d o e s   n o t   d e p e n d   on  t h e  

t e n s i l e   d i r e c t i o n ,   t h a t   i s   l o n g i t u d i n a l   o r   t r a n s v e r s e ,   i n  

s p i t e   of   h a v i n g   f i b r o u s   p r o t e i n .   T h i s   c h a r a c t e r i s t i c  

f e a t u r e   of  f i l m - l i k e   c o m p o s i t e   m a t e r i a l s   a c c o r d i n g   t o   t h e  

p r e s e n t   i n v e n t i o n   can   be  e x h i b i t e d  b y   t h e   p r e s e n c e   of   t h e  

d e - N - a c e t y l a t e d   c h i t i n .  

S p h e r i c a l l y   s h a p e d   c o m p o s i t e   m a t e r i a l   can   b e  

p r e p a r e d   by  d r o p p i n g   a  d e - b u b b l e d   m i x t u r e   o f   t h e   two  m e d i a  

i n t o   a  h y d r o p h o b i c   o r g a n i c   s o l v e n t   s u c h   as  t o l u e n e   o r  

x y l e n e   and  t h e n   t r e a t i n g   t h e   t h u s   f o r m e d   m a t e r i a l   w i t h   a n  

a q u e o u s   a l c o h o l i c   s o l u t i o n   to   d e a c i d i f y   t h e   s p h e r i c a l l y  

s h a p e d   m a t e r i a l .   I t   i s   p o s s i b l e   to   p r e p a r e   f i b e r s , f i l m s   o r  

h o l l o w   c o m p o s i t e   m a t e r i a l s   by  e x t r u d i n g   t h e   m i x t u r e   f rom  a  

h o l e - l i k e   or   s l i t - l i k e   n o z z l e ( s )   i n t o   a  h i g h l y  

c o n c e n t r a t e d   a q u e o u s   s o l u t i o n   of   s o d i u m   c h l o r i d e   o r  

ammonium  h y d r o x i d e .   In   a d d i t i o n ,   t h e   c o m p o s i t e   m a t e r i a l  .  

c an   be  o b t a i n e d   by  e l e c t r o d e p o s i t i o n   in   w h i c h   an  a q u e o u s  



m e d i u m   c o n t a i n i n g   t h e   d e - N - a c e t y l a t e d   c h i t i n   and   t h e  

p r o t e i n i c   c o m p o n e n t   i s   i n t r o d u c e d   i n t o   an  e l e c t r o l y t i c  

c e l l   p r o v i d e d   w i t h   a t   l e a s t   one  c a t h o d e   and  a t   l e a s t   o n e  

a n o d e ,   and   a  d i r e c t   v o l t a g e   i s   a p p l i e d   b e t w e e n   t h e  

e l e c t r o d e s   to   make   t h e   c o m p o s i t e   m a t e r i a l   a c c u m u l a t e   o n  

t h e  s u r f a c e   of   a  p r e d e t e r m i n e d   e l e c t r o d e .  

T u b e - l i k e   c o m p o s i t e   m a t e r i a l s   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n   h a v e   an  e x t r e m e l y   t h i n   w a l l   m e m b r a n e  

e x c e l l e n t   in   s t r e n g t h ,   and   a c c o r d i n g l y ,   a r e   h i g h l y   s u i t a b l e  

f o r   e d i b l e   c a s i n g   m a t e r i a l s   w i t h   a  d e s i r a b l e   d i e t a r y  

f e e l i n g .  

Where   c o m p o s i t e   m a t e r i a l s   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n   a r e   u s e d   f o r   e d i b l e   c a s i n g s ,   i t   i s  

p r e f e r a b l e   t h a t   t h e   a m o u n t   of   d e - N - a c e t y l a t e d   c h i t i n   be  f r o m  

0 . 0 1   to   60  p a r t s   by  w e i g h t ,   of   f i b r o u s   c o l l a g e n   f r o m  

40  to   9 9 . 9 9   p a r t s   by  w e i g h t   and ,   i f   e m p l o y e d ,   of   g e l a t i n ,  

s o l u b l e   c o l l a g e n   o r   m i x t u r e   t h e r e o f   f r o m   5  to   30  p a r t s  

by  w e i g h t   p e r   100  p a r t s   by  w e i g h t   of   t h e   c o m p o s i t e   m a t e r i a l  

f r o m   t h e   v i e w p o i n t s   of   t h e   d i e t a r y   f e e l i n g ,   t h e   s t r e n g t h  

f o r   s m o k e - d r y i n g   and   c o o k i n g ,   t h e r m a l   d e f o r m a t i o n  

t e m p e r a t u r e   and   h e a t - s t a b i l i t y .   On  t h e   o t h e r   h a n d ,   in   t h e  

c a s e   w h e r e   c o m p o s i t e   m a t e r i a l s   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n   a r e   u s e d   as  f o o d   a d d i t i v e s , t h e   a m o u n t   of   d e - N -  

a c e t y l a t e d   c h i t i n   i s   p r e f e r a b l y   f r o m   1  to   99  p a r t s   by  w e i g h t  

to   100  p a r t s   by  w e i g h t   of   t h e   c o m p o s i t e   m a t e r i a l   and  i t ' i s  

p r e f e r a b l e   to   i n c r e a s e   t h e   a m o u n t   of   t h e   d e - N - a c e t y l a t e d  

c h i t i n .  

As  a n o t h e r   way  of   c o n t a c t i n g   t h e   p r o t e i n i c  

c o m p o n e n t   and   d e - N - a c e t y l a t e d   c h i t i n ,  p r o t e i n i c   m a t e r i a l s  

s u c h   as  s h e e t s ,   f i l m s ,   t u b e s ,   f i b e r - l i k e   f o r m s ,   e t c .   a r e  

i m m e r s e d   in   an  a c i d i f i e d   medium  c o n t a i n i n g   t h e   d e - N -  

a c e t y l a t e d   c h i t i n   and   t h e n   t h e   m a t e r i a l   i s   s u b j e c t e d   t o  

d e a c i d i f i c a t i o n .   In  t h i s   c a s e ,   s i n c e   t h e   e x t e r i o r   of   t h e  

c o m p o s i t e   m a t e r i a l   i s   c o m p o s e d   of  t h e   d e - N - a c e t y l a t e d  

c h i t i n   c o m p o n e n t ,   s u c h   a  s h a p e d   c o m p o s i t e   m a t e r i a l   can   s h o w  



u n i q u e   p r o p e r t i e s   s u c h   as   i m p r o v e d   m e c h a n i c a l   p r o p e r t i e s ,  
i m p r o v e d   t h e r m a l   r e s i s t a n c e   and   a n t i - b a c t e r i a l   p r o p e r t y .  

F u r t h e r m o r e ,   w h e r e   t h e   c o m p o s i t e   m a t e r i a l  

a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   o b t a i n e d   by  one   of   t h e  

a b o v e m e n t i o n e d   m e t h o d s   i s   f u r t h e r   s u b j e c t e d   t o   a  

c r o s s l i n k i n g   t r e a t m e n t ,   t h e   c r o s s l i n k e d   c o m p o s i t e   m a t e r i a l  

e x h i b i t s   i m p r o v e d   b l o o d - c o a g u l a t i o n   p r o p e r t i e s   and   i m p r o v e d  

r e s i s t a n c e   to   a c i d s .  

Fo r   t h e   c r o s s l i n k i n g   t r e a t m e n t ,   a  c o m p o s i t e  

m a t e r i a l   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   can   b e  

i m m e r s e d   in   an  a q u e o u s   s o l u t i o n   p r e p a r e d   by  d i s s o l v i n g   a  

c r o s s l i n k i n g   a g e n t   in   a  b u f f e r   s o l u t i o n   of   p h o s p h o r i c   a c i d  

a t   a  pH  of   7 .4   f o r   0 . 1   to   1  h o u r   a t   10  to   50°C .   A f t e r  

t h e   c r o s s l i n k i n g   i s   o v e r   and  t h e   c r o s s l i n k e d   m a t e r i a l   i s  

w a s h e d   w i t h  w a t e r ,   a  w a t e r - i n s o l u b l e   c r o s s l i n k e d   c o m p o s i t e  

m a t e r i a l   i s   o b t a i n e d .  

S i n c e   i t   i s   p o s s i b l e   by  s u c h   a  c r o s s l i n k i n g  

p r o c e s s   to   c a u s e   n o t   o n l y   c r o s s l i n k i n g   of   t h e   d e - N -  

a c e t y l a t e d   c h i t i n   b u t   a l s o   c r o s s l i n k i n g   b e t w e e n   t h e   d e - N -  

a c e t y l a t e d   c h i t i n   and  t h e   p r o t e i n i c   c o m p o n e n t ,   an  i m p r o v e d  

b o n d i n g   f o r c e   in   t h e   s u r f a c e   of   t h e   c o m p o s i t e   m a t e r i a l   i s  

o b t a i n e d .   The  c r o s s l i n k i n g   o c c u r s   b e t w e e n   t h e   same  o r  

d i f f e r e n t   f u n c t i o n a l   g r o u p s   among  a m i n o   g r o u p s   and   h y d r o x y l  

g r o u p s   in   t h e   d e - N - a c e t y l a t e d   c h i t i n   and   c o l l a g e n .  A s   a  

c r o s s l i n k i n g   a g e n t ,   t h e   a g e n t s   m e n t i o n e d   p r e v i o u s l y   i n  

c o n n e c t i o n   w i t h   t h e   c r o s s l i n k i n g   p r e t r e a t m e n t   of   t h e  

f i b r o u s   c o l l a g e n   can   be  e m p l o y e d .  

The  f o l l o w i n g   E x a m p l e s   i l l u s t r a t e   t h e   i n v e n t i o n .  

EXAMPLE  1  

A f t e r   i m m e r s i n g   100  kg  of   a  s a l t e d   s t e e r   h i d e   i n  

w a t e r   f o r   15  h o u r s ,   w a s h i n g   i t   w i t h   w a t e r ,   and   d e f a t t i n g  

i t , ,   90  kg  of   t h e   t h u s   t r e a t e d   h i d e   was  i m m e r s e d   i n t o   450  k g  

of   an  a q u e o u s   l i q u i d   c o n t a i n i n g   2%  by  w e i g h t   of   c a l c i u m  

h y d r o x i d e ,   0 .5%  by  w e i g h t   of   s o d i u m   s u l f i d e   and   0 .5%  b y  

w e i g h t   of   d i e t h y l a m i n e   a t   25°C  f o r   24  h o u r s   w h i l e   g e n t l y  



s t i r r i n g   t h e   m i x t u r e .   The  t h u s   t r e a t e d   h i d e   was  s u b j e c t e d  

s u c c e s s i v e l y   to   a  d e p i l a t i n g   r o l l   to   r e m o v e   h a i r s   a n d  

d e c o m p o s i t i o n   p r o d u c t s   f o r m e d   by  t h e   t r e a t m e n t   w i t h  

c a l c i u m   h y d r o x i d e ,   to   a  s p l i t t i n g   m a c h i n e   to   r o u g h l y  

d i v i d e   t h e   h i d e ,   to   a  m e a t   s l i c e r   to   c u t   t h e   d i v i d e d   h i d e  

i n t o   t a p e s   of  5  x  1 0  3 m   (5  mm)  in   w i d t h   and  t h e n   to   a  

m i n c i n g   m a c h i n e   to   c u t   t h e   t a p e s   i n t o   5  x  1 0  2 m   (5  cm)  

l e n g t h s .  

E i g h t y   k i l o g r a m s   of  t h e   t h u s   o b t a i n e d   h i d e  

( r e f e r r e d   to  as  t h e   r e f i n e d   h i d e   h e r e i n a f t e r )   w e r e  

d i s p e r s e d   i n t o   800  kg  o f   w a t e r ,   and   3  kg  of   a c e t i c   a c i d  

w e r e   a d d e d   to   t h e   d i s p e r s i o n .   A f t e r   s t i r r i n g   g e n t l y   f o r  

12  h o u r s ,   t h e   r e f i n e d   h i d e   was  s e p a r a t e d   f r o m   t h e   l i q u i d ,  

d e h y d r a t e d   by  c e n t r i f u g a t i o n   and  w a s h e d   w i t h   d e - i o n i z e d  

w a t e r   u n t i l   t h e   e l e c t r i c   c o n d u c t i v i t y   of   t h e   w a s h i n g s  

b e c a m e   l e s s   t h a n   2  x  1 0 - 3   mho/m  (20µ   m h o / c m ) .   At  t h i s  

t i m e ,   t h e   a sh   c o n t e n t   of  t h e   r e f i n e d   h i d e   was  l e s s   t h a n  

0 . 1 % .   F o r t y   k i l o g r a m s   of   t h e   t h u s   t r e a t e d   r e f i n e d   h i d e  

w e r e   d i s p e r s e d   in   400  kg  of   an  a q u e o u s   s o l u t i o n   c o n t a i n i n g  

0 . 0 1 5 %   by  w e i g h t   of  g l u t a r a l d e h y d e   and  a d j u s t e d   to   pH  o f  

3 .0   by  t h e   a d d i t i o n   of   h y d r o c h l o r i c   a c i d ,   and   t h e n  

c r o s s l i n k e d   w h i l e   s t i r r i n g   t h e   s o l u t i o n   g e n t l y  f o r   1 2  

h o u r s   a t   2 0 ° C .  

The  c r o s s l i n k e d   r e f i n e d   h i d e   was  c o l l e c t e d   b y  
f i l t r a t i o n   w i t h   a  w i r e   n e t t i n g   and  s u b j e c t e d   to   a  p u l p -  

r e f i n e r   t o g e t h e r   w i t h   113  kg  of   c o l d  w a t e r   to   b e a t   t h e  

f i b e r - b u n d l e s   of   t h e   r e f i n e d   h i d e   r e s u l t i n g   in   a  

d i s p e r s i o n   of  c o l l a g e n   f i b e r s ,   to   w h i c h   h y d r o c h l o r i c   a c i d  

was  f u r t h e r   a d d e d   to   make  t h e   pH  t h e r e o f   3 . 0 .   The  t h u s  

o b t a i n e d   d i s p e r s i o n   w e i g h i n g   125  kg  c o n t a i n e d   2 .5%  b y  

w e i g h t   of   c r o s s l i n k e d   c o l l a g e n   c o m p r i s i n g   a  m i x t u r e   o f  

c o l l a g e n   f i b e r s   of  1 0 - 6   to  3  x  10 -6m  (1  t o   3 µ )   i n  

d i a m e t e r   and  of   1 0 - 3   to   10-2m  (1  to   10  mm)  in   l e n g t h   a n d  

s t i l l   f i n e r   c o l l a g e n   f i b r i l s .  

M e a n w h i l e ,   i n t o   10  kg  of  an  a q u e o u s   h y d r o -  

c h l o r i c   a c i d   s o l u t i o n   of   pH  of   3,  o n e . k g   of   d e - N - a c e t y l a t e d  



c h i t i n   h a v i n g   a  d e g r e e   of   d e - N - a c e t y l a t i o n   o f   95%  w a s  
d i s s o l v e d .   A f t e r   a d j u s t i n g   t h e   pH  of   t h e   s o l u t i o n   t o  

3 . 0 ,   20  kg  of   an  a q u e o u s   s o l u t i o n   o f   d e - N - a c e t y l a t e d  

c h i t i n   w e r e   o b t a i n e d .  

I n t o   1 . 5   kg  of   t h e   a q u e o u s   d i s p e r s i o n   o f  

c r o s s l i n k e d   c o l l a g e n   f i b e r ,   50  kg  o f   d e - i o n i z e d   w a t e r  

w e r e   a d d e d .   The  m i x t u r e   was  s t i r r e d   a t   a  h i g h   s p e e d .  

Then  3 . 7 4   x  1 0 - 1   kg  (374   g)  o f   t h e   a q u e o u s   s o l u t i o n   o f  

d e - N - a c e t y l a t e d   c h i t i n   was  a d d e d   to   t h e   d i s p e r s i o n .  

T h i s   m i x t u r e   was  s t i r r e d   f o r   one   h o u r   to   f o rm  a n  

a q u e o u s   m i x t u r e   c o n t a i n i n g   c o l l a g e n   f i b e r   and  d e - N -  

a c e t y l a t e d   c h i t i n   a t   a  w e i g h t   r a t i o   of   1 0 0 / 5 ,   t h e  

v i s c o s i t y   and   t h e   e l e c t r i c   c o n d u c t i v i t y   of   t h e   a q u e o u s  

m i x t u r e   b e i n g   2  x  1 0 - 1   Pa  s  (200   cP)  and   2 . 5   x  1 0 - 2  

mho/m  (250   µ  / c m ) ,   r e s p e c t i v e l y .  

From  t h e   a q u e o u s   m i x t u r e   o f   c o l l a g e n   f i b e r  

and  d e - N - a c e t y l a t e d   c h i t i n ,   a  t u b u l a r   m e m b r a n e   w a s  

f o r m e d   by  e l e c t r o d e p o s i t i o n   in   w h i c h   a  m e m b r a n e   w a s  

f o r m e d   on  t h e   c a t h o d e   ( 1 7 . 5   mmø)  by  e l e c t r o p h o r e s i s   o f  

c o l l a g e n   f i b e r   and   d e - N - a c e t y l a t e d   c h i t i n .   The  t h u s  

f o r m e d   m e m b r a n e   was  p u l l e d   up,   t h e   v e l o c i t y   of  p u l l i n g  

up  b e i n g   10  m / m i n   ( 1 . 6 6   x  1 0 - 1   m / s ) .  

The  t h u s   p r e p a r e d   t u b u l a r   m e m b r a n e   j u s t   a f t e r  

e l e c t r o d e p o s i t i o n   c o n t a i n e d   2  kg  of   w a t e r   p e r   kg  o f   d r y  

m e m b r a n e   and   s h o w e d   a  t e n s i l e   s t r e n g t h   of   2 -x   106  k g / m 2  

(200   k g / c m 2 ) .   The  m e m b r a n e ,   a f t e r   i m m e r s i o n   i n t o   a n  

a q u e o u s   7%  by  w e i g h t   g l y c e r o l   s o l u t i o n ,   was  d r i e d   by  h o t  

a i r   a t   75°C  f o r   2  m in ,   w h i l e   h o l d i n g   t h e   t u b u l a r   m e m b r a n e  

by  p r e s s u r i z e d   a i r   of  2 . 9 4   x  1 0   Pa  (300   mm  H20)  to   b e  

t h e   c o m p o s i t e   m a t e r i a l   ( S p e c i m e n   A)  a c c o r d i n g   t o   t h e  

p r e s e n t   i n v e n t i o n .  

F o r   c o m p a r i s o n ,   a  t u b u l a r   m e m b r a n e  

( C o m p a r a t i v e   S p e c i m e n   A)  c o n s i s t i n g   o n l y   o f   c o l l a g e n   f i b e r  

was  p r e p a r e d . b y   a  s i m i l a r   p r o c e s s   to   t h a t   m e n t i o n e d   a b o v e  

e x c e p t   f o r   n o t   a d d i n g   t h e   d e - N - a c e t y l a t e d   c h i t i n   to   t h e  



c r o s s l i n k e d   c o l l a g e n   f i b e r .   The  C o m p a r a t i v e   S p e c i m e n   A 

c o n t a i n e d   7  kg  of  w a t e r   p e r   kg  of   t h e   d r y   m e m b r a n e   j u s t  

a f t e r   e l e c t r o d e p o s i t i o n   s h o w i n g   a  t e n s i l e   s t r e n g t h   o f  

1 0 6  k g / m 2   (100   k g / c m 2 ) .  

The  r e s u l t s   of  d e t e r m i n a t i o n   of   t e n s i l e   s t r e n g t h  

and   t e a r   s t r e n g t h   in   t h e   we t   s t a t e   of   S p e c i m e n   A  a n d  

C o m p a r a t i v e   S p e c i m e n   A  a c c o r d i n g   to   t h e   m e t h o d   d e s c r i b e d  

in   J I S   P - 8 1 1 3   and  J I S   P - 8 1 1 6   a r e   shown  in   T a b l e   1.  A s  

w i l l   be  s e e n   in   T a b l e   1,  t h e   s p e c i m e n   p r e p a r e d   f r o m   a  

m i x t u r e   of   c r o s s l i n k e d   c o l l a g e n   f i b e r   and   d e - N - a c e t y l a t e d  

c h i t i n   s h o w e d   a  n o t i c e a b l y   i m p r o v e d   t e n s i l e   s t r e n g t h ,  

and  i t   was  p o s s i b l e   to   o b t a i n   an  e x t r e m e l y   t h i n   m e m b r a n e .  

T a b l e   2  shows  t h e   r e s u l t s   of   a  s t r e n g t h -  

d e t e r m i n a t i o n   of   t h e   m e m b r a n e s   by  t h e   same  m e t h o d   a s  

m e n t i o n e d   a b o v e   a f t e r   i m m e r s i o n   in   an  a q u e o u s   0 . 2 N  

s o d i u m   c h l o r i d e   s o l u t i o n   a t   2 0 ° C  f o r   24  h o u r s .   As  w i l l  

be  s e e n   in   T a b l e   2,  t h e   c o m p o s i t e   m a t e r i a l   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   i s   s u p e r i o r   to   t h e   C o m p a r a t i v e  

S p e c i m e n   A  in   s t r e n g t h ,   w h i c h   s u g g e s t s   n o t   o n l y   t h e  

i o n i c   b o n d i n g   b e t w e e n   c o l l a g e n   f i b e r   and  d e - N - a c e t y l a t e d  

c h i t i n   b u t   a l s o   a n o t h e r  b o n d i n g   f a c t o r .  



EXAMPLE  2 

One  kg  o f   an  a c i d - t r e a t e d   g e l a t i n   ( l o t   n u m b e r  

of   F - 7 9 5 ,   m a n u f a c t u r e d   by  M i y a g i   Chem.  Co.  L t d . ,   J a p a n )  

was  d i s s o l v e d   in   10  kg  of   an  a q u e o u s   h y d r o c h l o r i c   a c i d  

s o l u t i o n   o f   pH  3.  A f t e r   a d j u s t i n g   t h e   pH  to   3 . 0 ,  

20  kg  of   an  a q u e o u s   s o l u t i o n   o f   g e l a t i n   was  o b t a i n e d .  

A f t e r   a d d i n g   50  kg  o f   d e - i o n i z e d   w a t e r   t o  

l5   kg  of   t h e   a q u e o u s   d i s p e r s i o n   o f   c r o s s l i n k e d   c o l l a g e n  

f i b e r   p r e p a r e d   in   E x a m p l e   1  and   s t i r r i n g   r a p i d l y ,  

3 . 7 4   x  1 0 - 1   Kg  ( 3 7 4  g )   of  t h e   a q u e o u s   s o l u t i o n   o f   d e - N -  

a c e t y l a t e d   c h i t i n   p r e p a r e d   in   E x a m p l e   1  a n d   3 . 7 4   x  1 0 - 1  

Kg  (374   g)  o f   t h e   a q e u o u s   s o l u t i o n   o f   g e l a t i n   w e r e  

f u r t h e r   a d d e d   to   t h e   d i s p e r s i o n   o f   c r o s s l i n k e d   c o l l a g e n  

f i b e r .   The  w h o l e   m i x t u r e   was  s t i r r e d   f o r   one   h o u r   t o  

o b t a i n   an  a q u e o u s   m i x t u r e   of   c o l l a g e n   f i b e r ,   d e - N -  

a c e t y l a t e d   c h i t i n   and   g e l a t i n   a t   a  w e i g h t   r a t i o   o f  

c o l l a g e n :   d e - N - a c e t y l a t e d   c h i t i n :   g e l a t i n   of   1 0 0  :   5  : 5 .  

From  t h e   t h u s   o b t a i n e d   a q u e o u s   m i x t u r e ,   a  t u b u l a r  

m e m b r a n e   was  f o r m e d   by  t h e   same  m e t h o d   as  in   E x a m p l e   1  

( S p e c i m e n   B ) .  

Fo r   c o m p a r i s o n ,   a  t u b u l a r   m e m b r a n e   ( C o m p a r a t i v e  

S p e c i m e n   B)  c o n s i s t i n g   of   c o l l a g e n   and  g e l a t i n   w a s  

p r e p a r e d   by  t h e   same  p r o c e s s ,   h o w e v e r   w i t h o u t   a d d i n g  



d e - N - a c e t y l a t e d   c h i t i n .  

The  r e s u l t s   of   d e t e r m i n a t i o n   o f   t e n s i l e   s t r e n g t h  

and   t e a r   s t r e n g t h   of  t h e   p r o d u c t s   by  t h e   same  m e t h o d s  

as  d e s c r i b e d   in   E x a m p l e   1  in   we t   s t a t e   a r e   shown  i n   T a b l e  

3.  As  i s   s e e n   in   T a b l e   3,  t h e   s t r e n g t h   of   t h e  

m e m b r a n e   c o n t a i n i n g   c o l l a g e n   f i b e r ,   d e - N - a c e t y l a t e d  

c h i t i n   and  g e l a t i n   was  i m p r o v e d   as  c o m p a r e d   to   t h a t   o f  

t h e   m e m b r a n e   o n l y   c o n t a i n i n g   c o l l a g e n   f i b e r   and   g e l a t i n ,  

t h u s   s h o w i n g   t h e   e f f e c t   of  a d d e d   d e - N - a c e t y l a t e d   c h i t i n .  

F u r t h e r m o r e ,   t h e   r e s u l t s   of  d e t e r m i n a t i o n   of   t h e  

m e c h a n i c a l   p r o p e r t i e s   of   t h e   p r o d u c t s   a f t e r   i m m e r s i o n   i n  

warm  w a t e r   a t   40°C   f o r   24  h o u r s   shown  in   T a b l e   4  i n d i c a t e  

t h e   s u p e r i o r i t y   of   t h e   c o m p o s i t e   m a t e r i a l   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   in   s t r e n g t h   c o m p a r e d   w i t h   t h e  

p r o d u c t  o b t a i n e d   w i t h o u t   a d d i n g   d e - N - a c e t y l a t e d   c h i t i n .  



EXAMPLE  3 

A  t u b u l a r   c o m p o s i t e   m a t e r i a l   ( S p e c i m e n   C)  w a s  

p r e p a r e d   i n   t h e   same  m a n n e r   as   in   E x a m p l e   1  e x c e p t   f o r  

t h e   w e i g h t   r a t i o   of   t h e   c o l l a g e n   f i b e r   to   d e - N - a c e t y l a t e d  

c h i t i n   o f   1 0 0 / 2 0   and   a  m e m b r a n e - p u l l i n g - u p   v e l o c i t y   o f  

4 . 1 7   x  1 0 - 1   mls   (25  m / m i n ) .   F o r   c o m p a r i s o n ,   a  s i n g l e  

m a t e r i a l   (a  d i s p e r s i o n   of   c o l l a g e n   f i b e r   o f  

c o n c e n t r a t i o n   of   0 . 5 8 %   by  w e i g h t )   was  p r o c e s s e d   t o   f o r m  

a  m e m b r a n e ;   h o w e v e r   t h i s   m e m b r a n e   c o u l d   n o t   b e  

c o n t i n u o u s l y   p u l l e d   u p .  
The  m e c h a n i c a l   p r o p e r t i e s   of   S p e c i m e n   C  w e r e :  

8  x  1 0 - 6 m   ( 8 µ )   in   t h i c k n e s s ,   5 . 1   x  106  kg /m2   (510   k g /  
cm2)  i n   t e n s i l e   s t r e n g t h ,   32%  in   e l o n g a t i o n   a t   b r e a k   a n d  

3 .2   x  1 0 - 2   kg  m/m  (32  g  cm/cm)   i n   t e a r   s t r e n g t h .  

EXAMPLE  4  

A  t u b u l a r   c o m p o s i t e   m a t e r i a l   ( S p e c i m e n   D)  w a s  

p r e p a r e d   i n   t h e   same  m a n n e r   as   i n   E x a m p l e   1  a n d   2 

e x c e p t   f o r   t h e   w e i g h t   r a t i o   of   c o l l a g e n   f i b e r :   d e - N -  

a c e t y l a t e d   c h i t i n :   g e l a t i n   o f   1 0 0  :   2 0  :   5  and   a  m e m b r a n e -  

p u l l i n g - u p   v e l o c i t y   o f   4 . 1 7   x  1 0 - 1   m/s   (25  m / m i n ) .   F o r  

c o m p a r i s o n ,   i t   was  a t t e m p t e d   to   f o rm  a  m e m b r a n e   f r o m   a n  

a q u e o u s   m i x t u r e   of   d i s p e r s e d   c o l l a g e n   f i b e r   and   g e l a t i n  

a t   a  w e i g h t   r a t i o   o f   c o l l a g e n   f i b e r :   g e l a t i n   o f   1 0 0  :   5 ;  

h o w e v e r ,   t h i s   m e m b r a n e   c o u l d   n o t   be  c o n t i n u o u s l y   p u l l e d  

up.   The  m e c h a n i c a l   p r o p e r t i e s  o f   S p e c i m e n   D  w e r e :  

8 ' x   1 0 - 6   m  ( 8 µ )   in   t h i c k n e s s ,   4 . 9   x  106  Kg/m2  ( 4 9 0  

k g / c m 2 )   i n   t e n s i l e   s t r e n g t h ,   33%  in   e l o n g a t i o n   a t   b r e a k  
and  3 . 3   x  1 0  2   kg  m/m  (33  g  c m / c m )   in   t e a r   s t r e n g t h .  

EXAMPLE  5 :  

A  t u b u l a r   c o m p o s i t e   m a t e r i a l   ( S p e c i m e n   E)  w a s  

p r e p a r e d   in   t h e   same  m a n n e r   as  in   E x a m p l e   1  and   2 

e x c e p t   f o r   u s i n g   a l k a l i - t r e a t e d   g e l a t i n   ( l o t   n u m b e r   o f  

F - 8 0 0 ,   M i y a g i   Chem.  Co.  L t d . ,   J a p a n )   i n s t e a d   of   a c i d -  

t r e a t e d   g e l a t i n   of  E x a m p l e   2,  a  w e i g h t   r a t i o   of   c o l l a g e n  

f i b e r :   g e l a t i n :   d e - N - a c e t y l a t e d   c h i t i n   of   1 0 0  :   2 0  :   1 0  



and  a  m e m b r a n e - p u l l i n g - u p   v e l o c i t y   of   2 . 5   x  1 0 - 1   m / s  

(15  m / m i n . ) .   F o r   c o m p a r i s o n ,   i t   was  a t t e m p t e d   t o  

d e p o s i t   a  m e m b r a n e   f rom  an  a q u e o u s   m i x t u r e   of   c o l l a g e n  

f i b e r   and   g e l a t i n   a t   a  w e i g h t   r a t i o   of   c o l l a g e n   t o  

g e l a t i n   o f   1 0 0  :   2 0 ; h o w e v e r   no  m e m b r a n e   was  d e p o s i t e d   o n  

t h e   e l e c t r o d e .   The  m e c h a n i c a l   p r o p e r t i e s   of   S p e c i m e n  

E  w e r e :   9  x  1 0  6 m   ( 9 µ )   in   t h i c k n e s s ,   4 . 4   x  106  kg /m2  ( 4 4 0  
k g / c m 2 )   in   t e n s i l e   s t r e n g t h ,   34%  in   e l o n g a t i o n   a t   b r e a k   a n d  

3  x  1 0  2   m/m  (30  g  cm/cm)  in  t e a r   s t r e n g t h .  

EXAMPLE  6 

A f t e r   m i x i n g   10  kg  of  t h e   d i s p e r s i o n   o f  

c r o s s l i n k e d   c o l l a g e n   f i b e r   o b t a i n e d   in  E x a m p l e   1  a n d  

1 . 5   kg  of   an  a q u e o u s   5%  by  w e i g h t   of   d e - N - a c e t y l a t e d  

c h i t i n   s o l u t i o n   o b t a i n e d   in   E x a m p l e   1  w h i l e   s t i r r i n g ,   t h e  

m i x t u r e   was  d e - b u b b l e d   u n d e r   a  r e d u c e d   p r e s s u r e .   T h e  

d e - b u b b l e d   m i x t u r e   was  e x t r u d e d   f r o m   a  s l i t   of  1 0 - 1   m 

(10  cm)  in   w i d t h   and  of  3  x  1 0 - 4   m  ( 0 . 3   mm)  in   h e i g h t  

i n t o   an  a q u e o u s   O . l N   ammonium  h y d r o x i d e   s o l u t i o n   c o n t a i n e d  

in  a  c o a g u l a t i o n   b a t h .   The  t h u s   o b t a i n e d   f i l m   w a s  

w a s h e d   w i t h   w a t e r ,   and  was  t r e a t e d   in   t h e   same  m a n n e r   a s  

in   E x a m p l e   1  to   be  a  f i l m   c o m p o s i t e   m a t e r i a l   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   ( S p e c i m e n   F ) .  

The  p r o p e r t i e s   of   t h e   f i l m   d e t e r m i n e d   in   t h e  

same  m a n n e r   as  in   E x a m p l e   1,  w e r e :   3  x  1 0 - 5   m  ( 3 0 µ )   i n  

t h i c k n e s s ,   5 .2   x  106  k g / m 2  ( 5 2 0   k g / c m 2 )   in   t e n s i l e '  

s t r e n g t h ,   30%  in   e l o n g a t i o n   a t   b r e a k   and   7 . 5   x  1 0  2  

kg  m/m  (75  g  cm/cm)   in   t e a r   s t r e n g t h .  

On  t h e   o t h e r   h a n d ,   a  f i l m   p r e p a r e d   f rom  t h e  

same  d i s p e r s i o n   o f   c r o s s l i n k e d   c o l l a g e n   f i b e r   in  t h e  

same  m a n n e r   as  a b o v e   ( C o m p a r a t i v e   S p e c i m e n   C)  w i t h o u t  

a d d i n g   t h e   s o l u t i o n   of   d e - N - a c e t y l a t e d   c h i t i n   s h o w e d   t h e  

f o l l o w i n g   p r o p e r t i e s :   3  x  1 0 - 5  m   ( 3 0 µ )   in   t h i c k n e s s ,  

2  x  106  k g / m 2   (200   k g / c m 2 )   i n   t e n s i l e   s t r e n g t h ,   26%  i n  

e l o n g a t i o n   a t   b r e a k   and  4 . 8   x  1 0 - 2   kg  m/m  (48  g  c m / c m )  

in   t e a r   s t r e n g t h .  



From  t h e   a b o v e - m e n t i o n e d   r e s u l t s ,   t h e   c o m p o s i t e  

m a t e r i a l   a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   w a s  

c o n f i r m e d   as  s u p e r i o r   to   t h e   s i n g l e   m a t e r i a l   ( o n l y  

c o n s i s t i n g   of  c r o s s l i n k e d   c o l l a g e n   f i b e r )   in   m e c h a n i c a l  

s t r e n g t h .  

EXAMPLE 7 

A f t e r   m i x i n g   10  kg  o f   t h e   d i s p e r s i o n   o f  

c r o s s l i n k e d   c o l l a g e n   f i b e r   o b t a i n e d   in   E x a m p l e   1,  1  k g  

of   an  a q u e o u s   5%  by  w e i g h t   g e l a t i n   s o l u t i o n   o b t a i n e d   i n  

E x a m p l e   2  and  1 . 5   kg  of   an  a q u e o u s   5%  by  w e i g h t   of  d e - N -  

a c e t y l a t e d   c h i t i n   s o l u t i o n   o b t a i n e d   in  E x a m p l e   1,  t h e  

m i x t u r e   was  s t i r r e d   w e l l   and   d e - b u b b l e d   u n d e r   a  r e d u c e d  

p r e s s u r e ,   and  s u b j e c t e d   to   t h e   same  p r o c e d u r e s   as  i n  

E x a m p l e   6  to   o b t a i n   a  f i l m   c o m p o s i t e   m a t e r i a l   a c c o r d i n g  

to   t h e   p r e s e n t   i n v e n t i o n   ( S p e c i m e n   G)  The  m e c h a n i c a l  

p r o p e r t i e s   of   S p e c i m e n   G  in   w e t   s t a t e   w e r e :   3  x  1 0 - 5   m 

( 3 0 µ )   in   t h i c k n e s s ,   4 . 9 5   x  106  k g / m 2   (495   k g / c m 2 )   i n  

t e n s i l e   s t r e n g t h ,   31%  in   e l o n g a t i o n   a t   b r e a k   a n d  

7 . 3   x  1 0  2   kg  m/m  (73  g  cm/cm)   in   t e a r   s t r e n g t h .   On 

t h e   o t h e r   h a n d ,   a  m e m b r a n e   p r e p a r e d   f rom  an  a q u e o u s  
m i x t u r e   of   c o l l a g e n   f i b e r   and  g e l a t i n   in   t h e   same  m a n n e r  

as  t h i s   E x a m p l e   ( C o m p a r a t i v e   S p e c i m e n   D)  s h o w e d  

m e c h a n i c a l   p r o p e r t i e s   o f :   3  x  1 0 - 5   m  ( 3 0 µ )   i n   t h i c k n e s s ,  

3 .2   x  1 0   kg /m2   (320   k g / c m 2 )   in   t e n s i l e   s t r e n g t h ,   28%  i n  

e l o n g a t i o n   a t   b r e a k   and   6 . 5   x  1 0  2   kg  m/m  (65  g  c m / c m )  

in   t e a r   s t r e n g t h .   T h i s   s h o w e d   t h a t   t h e   c o m p o s i t e  

m a t e r i a l   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n  c a n   p o s s e s s  
e x c e l l e n t   s t r e n g t h .  

EXAMPLE  8 

A p t i t u d e   t e s t   in   m e c h a n i c a l   s t u f f i n g  

P r a c t i c a l   t e s t s   w e r e   c a r r i e d   o u t   on  t h e   t u b u l a r  

S p e c i m e n   C  o b t a i n e d   in   E x a m p l e   3  and  t h e   t u b u l a r  

C o m p a r a t i v e   S p e c i m e n   A  o b t a i n e d   in   E x a m p l e   1  by  u s i n g  

t h e m   as  s a u s a g e - c a s i n g   f o r   a  s a u s a g e   m e a t   of  t h e  

f o l l o w i n g   c o m p o s i t i o n :  



T a b l e   5  shows   t h e   r e s u l t s   when  t h e   s a u s a g e   m e a t  

was  s t u f f e d   i n t o   t h e   two  k i n d s   o f   s a u s a g e - c a s i n g s  

( S p e c i m e n   C  and   C o m p a r a t i v e   S p e c i m e n   A)  u s i n g   a  s e m i -  

a u t o m a t i c   s t u f f - w o r k e r   7 6 0 .  

As  i s   s e e n   in   T a b l e   5,  t h e   c a s i n g s   p r e p a r e d   f r o m  

a  m i x t u r e   of   c r o s s l i n k e d   c o l l a g e n   f i b e r   and  d e - N -  

a c e t y l a t e d   c h i t i n   ( S p e c i m e n   C)  w e r e   a b l e   to  w i t h s t a n d   t h e  

s e v e r e   c o n d i t i o n s   o f   s t u f f i n g .   In  a d d i t i o n ,   t h e   k n o t   o n  

t h e   s a u s a g e   p r e p a r e d   f rom  t h e   s a u s a g e - c a s i n g   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   ( S p e c i m e n   C)  was  s m a l l e r   t h a n   t h a t  

of  f rom  C o m p a r a t i v e   S p e c i m e n   A  and   s u p e r i o r   in   a p p e a r a n c e .  





EXAMPLE  9 

A p t i t u d e   t e s t   in   m e c h a n i c a l   s t u f f i n g  

The  same  p r a c t i c a l   t e s t s   w e r e   c a r r i e d   o u t  

on  t h e   t u b u l a r   S p e c i m e n   D  o b t a i n e d   in   E x a m p l e   4  a n d  

C o m p a r a t i v e   S p e c i m e n   B  o b t a i n e d   in   E x a m p l e   2  as  s a u s a g e -  

c a s i n g s   w i t h   t h e   same  s a u s a g e   m e a t   as  in   E x a m p l e   8 .  

T a b l e   6  shows   t h e   r e s u l t s   o f   s t u f f i n g   when  t h e   s a u s a g e  
m e a t   was  s t u f f e d   i n t o   t h e   two  k i n d s   of   s a u s a g e - c a s i n g s  

( S p e c i m e n   D  and   C o m p a r a t i v e   S p e c i m e n   B)  w h i l e   u s i n g  

a  s e m i - a u t o m a t i c   s t u f f - w o r k e r   7 6 0 .  

As  i s   s e e n   in  T a b l e   6,  t h e   c a s i n g s   p r e p a r e d  

f r o m   an  a q u e o u s   m i x t u r e   of   d i s p e r s e d   c o l l a g e n   a n d  

d e - N - a c e t y l a t e d   c h i t i n   and  g e l a t i n   ( S p e c i m e n   D) 

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   w e r e   a b l e   to   w i t h s t a n d  

t h e   s e v e r e   c o n d i t i o n s   of   s t u f f i n g .   In  a d d i t i o n ,   t h e  

k n o t   on  t h e   s a u s a g e s   p r e p a r e d   f r o m   t h e   s a u s a g e - c a s i n g  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   ( S p e c i m e n   D)  w a s  

s m a l l e r   t h a n   t h a t   of  C o m p a r a t i v e   S p e c i m e n   B  a n d  

s u p e r i o r   a l s o   in   a p p e a r a n c e .  



EXAMPLE  1 0  

S a u s a g e s   of   S a m p l e   N o .  2   and   N o .  8   p r e p a r e d  

i n   E x a m p l e   8  w e r e   s m o k e d   as  f o l l o w s :  

P i e c e s   of   s a u s a g e   w e r e   hung   f r o m   a  b a r   w i t h  

e i g h t   r i n g s   in   c h a i n s .   and   p u t   i n t o   a  s m o k i n g   c h a m b e r .  

They   w e r e   d r i e d   f o r   30  m i n .   a t   a  c o n t r o l l e d  

t e m p e r a t u r e   of   55.  to   60°C  a t   f i r s t ,   and   t h e n   t h e  

t e m p e r a t u r e   was  r a i s e d   to   75°C  w h i l e   i n t r o d u c i n g   s m o k e  

g e n e r a t e d   f r o m   wood  c h i p s   and  f u r t h e r   i n t r o d u c i n g   s t e a m  

i n t o   t h e   c h a m b e r   to   c o n t r o l   t h e   h u m i d i t y   of   t h e   c h a m b e r  

a t   a  c o n s t a n t   l e v e l ,   t h e   s m o k i n g   t r e a t m e n t   b e i n g  

c o n t i n u e d   f o r   30  min .   T h e n ,   s t e a m   was  a g a i n  

i n t r o d u c e d   i n t o   t h e   c h a m b e r   to   r a i s e   t h e   t e m p e r a t u r e   t o  

75  to   80°C  and  a f t e r   m a i n t a i n i n g   t h a t   t e m p e r a t u r e   f o r  

50  m i n . ,   t h e   s a u s a g e s   w e r e   t a k e n   o u t   o f   t h e   c h a m b e r   a n d  

c o l d   w a t e r   was  s p r a y e d   o n t o   t h e   s a u s a g e s   to   q u e n c h   t h e m .  

T h e s e   s a u s a g e s   w e r e   s u b j e c t e d   to   t h e   f o l l o w i n g   r u p t u r e  



t e s t s   u n d e r   c o n d i t i o n s   s i m u l a t i n g   t h e i r   c o o k i n g   a t  

home  by  h o u s e w i v e s :  

1)  F r y - t e s t  

A  f r y i n g   o i l   was  p o u r e d   i n t o   a  f r y i n g   p a n  
p r o v i d e d   w i t h   a  t e m p e r a t u r e   c o n t r o l l e r .   W h i l e   k e e p i n g  

t h e   t e m p e r a t u r e   o f   t h e   o i l   a t   160°C ,   s a u s a g e s   w e r e   p u t  

i n t o   t h e   pan   two  a t   a  t i m e   u n t i l   t e n   s a u s a g e s   h a d   b e e n  

a d d e d   ( t o   p r e v e n t   a  r e d u c t i o n   in   t h e   o i l   t e m p e r a t u r e ) .  

The  n u m b e r   of   s a u s a g e s   w h i c h   r u p t u r e d  w i t h i n   30  s e c .   o f  

b e i n g   p u t   i n t o   t h e   pan   w e r e   c o u n t e d .  

2)  F r y i n g   pan   t e s t  

A  f r y i n g   pan   was  s e t   so  t h a t   t h e   b o t t o m   o f  

t h e   pan   was  i m m e r s e d   in   an  o i l   b a t h   and  was  1 0 - 2 m  

(10  mm)  l o w e r   t h a n   t h e   s u r f a c e   of   t h e   o i l .   T h e  

t e m p e r a t u r e   of   t h e   o i l   b a t h   was  c o n t r o l l e d   so  t h a t   t h e  

s u r f a c e   of   t h e   pan   was  k e p t   a t   175  to  1 8 0 ° C .   T h e n ,   a  

s m a l l   a m o u n t   of   f r y i n g   o i l   was  p a i n t e d   o n t o   t h e   w h o l e  

s u r f a c e   of  t h e   pan  and   f i v e   s a u s a g e s   w e r e   p u t   i n t o   t h e  

pan   and  moved  w i t h i n   t h e   pan   s l o w l y   f o r   2  m i n .   T h e  

n u m b e r   of   r u p t u r e d   s a u s a g e s   was  c o u n t e d .   The  t e s t   w a s  

c a r r i e d  o u t   t w i c e   on  e a c h   S a m p l e .  

3)  B o i l i n g   t e s t  

W h i l e   k e e p i n g   w a t e r   b o i l i n g   in   a  p o t  

5  x  1 0  2   m  (50  mm)  d e e p   f i v e   s a u s a g e s   w e r e   a d d e d   a n d  

t h e   n u m b e r   of   s a u s a g e s   r u p t u r e d   w i t h i n   5  m i n .   of   b o i l i n g  

was  c o u n t e d .   The  t e s t   was  c a r r i e d   o u t   t w i c e   on  e a c h  

S a m p l e .  

The  r e s u l t s   of   t h e   t h r e e   t e s t s   a r e   shown  i n  

T a b l e   7 .  



As  i s   s e e n   in   T a b l e   7,  t h e   s a u s a g e - c a s i n g   o f  

t h e   m a t e r i a l   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   s h o w e d  

e x c e l l e n t   r e s u l t s   i n   p r a c t i c a l   c o o k i n g   t e s t s .  

In   o r d e r   to   s u p p o r t   t h e s e   p r a c t i c a l   f a c t s ,   t h e  

r e s p e c t i v e   m e m b r a n e s   of   t h e s e   two  k i n d s   o f   s a u s a g e   c a s i n g  

w e r e . i m m e r s e d   i n t o   a  h o t   w a t e r   a t   75°C  f o r   one   m i n . ,   a n d  

t h e i r   s h r i n k a g e   ( i n   p e r c e n t )   and  t h e   t h e r m a l   d e f o r m a t i o n  

t e m p e r a t u r e   w e r e   d e t e r m i n e d .   The  r e s u l t s   a r e   shown  i n  

T a b l e   8 .  

A l s o ,   t h e   s a u s a g e   w i t h   t h e   c a s i n g   p r e p a r e d   f r o m  

c r o s s l i n k e d   c o l l a g e n   f i b e r   and   d e - N - a c e t y l a t e d   c h i t i n   g i v e s  

a  f e e l i n g   of   a  m e l l o w   t a s t e   and   s w e e t n e s s   when  t a k e n   i n t o  

o n e ' s   m o u t h   n o t   h i t h e r t o   f e l t   on  o t h e r   s a u s a g e s ,   f o r  

i n s t a n c e ,   w i t h   a  m e m b r a n e   p r e p a r e d   f r o m   c o l l a g e n   f i b e r s  

o n l y .  



EXAMPLE  1 1 :  

In  t h e   same  m a n n e r   as  i n   E x a m p l e   1,  t u b u l a r  

m a t e r i a l s   h a v i n g   w e i g h t   r a t i o s   of  c o l l a g e n   f i b e r   t o  

d e - N - a c e t y l a t e d   c h i t i n   of  1 0 0 / 1   and  1 0 0 / 0 . 1 ,   r e s p e c t i v e l y ,  

w e r e   p r e p a r e d .   A  m e a t   m i x t u r e   was  s t u f f e d   i n t o   t h e s e  

t u b u l a r   m a t e r i a l s   u n d e r   t h e   c o n d i t i o n s   of   S a m p l e   N o .  2   o f  

E x a m p l e   8.  The  r e s u l t i n g   s a u s a g e s   w e r e   smoked   in   t h e   s a m e  

m a n n e r   as  in   E x a m p l e   10.   No  r u p t u r e   of  t h e   s a u s a g e s   w a s  
o b s e r v e d   in   s t u f f i n g ,   and  t h e   r e s u l t s   of   t h e   c o o k i n g   t e s t s  

c a r r i e d   o u t   as  in   E x a m p l e   10  a r e   shown  in  T a b l e   9 .  

As  i s   s e e n   in   T a b l e   9,  t h e   c o m p o s i t e   m a t e r i a l  

a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n   s h o w e d   an  e x c e l l e n t  
r e s u l t   e v e n   i n   p r a c t i c a l   c o o k i n g   t e s t s .  



EXAMPLE  1 2 :  

S a u s a g e s   of  S a m p l e   N o .  2   and   N o .  8   p r e p a r e d  

in   E x a m p l e   9  w e r e   s m o k e d   in   t h e   same  m a n n e r   as   i n  

E x a m p l e   10.   The  s m o k e d   s a u s a g e s   w e r e   s u b j e c t e d   t o  

t h e   r u p t u r e   t e s t s   u n d e r   t h e   s i m u l a t e d   c o o k i n g  
c o n d i t i o n s   as  in   E x a m p l e   10 .   The  r e s u l t s   of  t h e   t h r e e  

t e s t s   a r e   shown  in   T a b l e   1 0 .  

As  i s   s e e n   in   T a b l e   10,   t h e   s a u s a g e - c a s i n g  

of  t h e   c o m p o s i t e   m a t e r i a l   a c c o r d i n g   t o   t h e   p r e s e n t  

i n v e n t i o n   s h o w e d   e x c e l l e n t   r e s u l t s   in   p r a c t i c a l   c o o k i n g  

t e s t s .   A d d i t i o n a l l y ,   when  t h e   s a u s a g e s   p r e p a r e d   f r o m  

t h e   a q u e o u s   m i x t u r e   c o n t a i n i n g   a l s o   d e - N - a c e t y l a t e d  

c h i t i n   w e r e   p u t   i n t o   a  c o n s u m e r ' s   m o u t h ,   a  m e l l o w   t a s t e  

and   s w e e t n e s s   s p r e a d   t h r o u g h o u t   t h e   m o u t h   g i v i n g   a n  

u n p a r a l l e l e d   f e e l i n g   of  e a t i n g   n e v e r   g i v e n   by  t h e  

s a u s a g e s   u s i n g   o n l y   c o l l a g e n   as  t h e   c a s i n g   m a t e r i a l .  

In  s e n s o r y   t e s t s   by  a  p a n e l   c o n s i s t i n g   of  30  p e r s o n s ,  

t h e   g e n e r a l   e v a l u a t i o n   was  t h a t   no  a r t i f i c i a l   f e e l i n g  

was  g i v e n   by  s a u s a g e s   s t u f f e d   in   c a s i n g s   of   t h e   c o m p o s i t e  

m a t e r i a l   of  t h e   p r e s e n t   i n v e n t i o n   as  c o m p a r e d   to   s a u s a g e s  
s t u f f e d   in   n a t u r a l   s h e e p   g u t .  



EXAMPLE  1 3 :  

I n t o   10 -1m3  (100   l i t r e s )   of   a c e t i c   a n h y d r i d e  

a t   a  t e m p e r a t u r e   of  15°C ,   50  kg  of  t h e   r e f i n e d   h i d e  

d e h y d r a t e d   by  c e n t r i f u g i n g   in   E x a m p l e   1  w e r e   i m m e r s e d  

f o r   8  h o u r s   to   a c y l a t e   t h e   c o l l a g e n   f i b e r s   in   t h e   h i d e .  

The  t h u s   t r e a t e d   r e f i n e d   h i d e   was  w a s h e d   w i t h   f l o w i n g  

d e - i o n i z e d   w a t e r .   The  i s o e l e c t r i c   p o i n t   of  t h e  

o r i g i n a l   s t e e r   h i d e   of  pH  6 . 5   c h a n g e d   to   3 . 8   as  a  

r e s u l t   of  t h e   a c e t y l a t i o n .   An  a q u e o u s   d i s p e r s i o n   o f  

c o l l a g e n   f i b e r s   was  p r e p a r e d   f r o m   t h e   a c e t y l a t e d   h i d e  

in   t h e   same  m a n n e r   as  in   E x a m p l e   1,  t h e   c o n t e n t   o f  

c o l l a g e n   b e i n g   2 . 5 % .  

An  a q u e o u s   s o l u t i o n   of  d e - N - a c e t y l a t e d   c h i t i n  

o b t a i n e d   in   E x a m p l e   1  was  a d d e d   to   t h e   t h u s   p r e p a r e d  

a q u e o u s   d i s p e r s i o n   of  c o l l a g e n   f i b e r   in   t h e   same  m a n n e r  

as  in   E x a m p l e   1,  h o w e v e r   w i t h   a  r a t i o   of  c o l l a g e n   t o  

d e - N - a c e t y l a t e d   c h i t i n   of  1 0 0 / 1 0 ,   to   p r e p a r e   an  a q u e o u s  
m i x t u r e   of  c o l l a g e n   f i b e r   and  d e - N - a c e t y l a t e d   c h i t i n .  

An  e l e c t r o d e p o s i t e d   m e m b r a n e   was  p r e p a r e d   f r o m   t h e  

a q u e o u s   m i x t u r e   as  in   E x a m p l e   1  w i t h   t h e   same  a f t e r -  

t r e a t m e n t   as  i n   E x a m p l e   1.  The  m e c h a n i c a l   p r o p e r t i e s  

of  t h e   t h u s   p r e p a r e d   t u b u l a r   m e m b r a n e ,   d e t e r m i n e d   as  i n  

E x a m p l e   1,  w e r e :   9  x  10-6m  (9  µ)  in   t h i c k n e s s ,   4 . 8 5   x  
1 0 6 k g / m 2  ( 4 8 5   k g / c m 2 )   in   t e n s i l e   s t r e n g t h ,   33%  i n  

e l o n g a t i o n   a t   b r e a k   and  3 .5   x  1 0  2 k g   m/m  (35g   c m / c m )  

in   t e a r   s t r e n g t h .  

EXAMPLE  1 4 :  

U s i n g   t h e   r e f i n e d   h i d e   d e h y d r a t e d   b y  

c e n t r i f u g i n g   in   t h e   same  m a n n e r   as  in   E x a m p l e   1,  a  

2 .5%  by  w e i g h t   d i s p e r s i o n   of  c o l l a g e n   in   w a t e r   of  pH  o f  

3 . 0   was  p r e p a r e d   as  in   E x a m p l e   13.  The  a q u e o u s  
s o l u t i o n   of  d e - N - a c e t y l a t e d   c h i t i n   o b t a i n e d   in   E x a m p l e  

1  and  t h e   a q u e o u s   s o l u t i o n   of  g e l a t i n   o b t a i n e d   i n  

E x a m p l e   2  w e r e   a d d e d   to   t h i s   d i s p e r s i o n   to   o b t a i n   a n  

a q u e o u s   m i x t u r e   of  d i s p e r s e d   c o l l a g e n   f i b e r   and  g e l a t i n  



and  d e - N - a c e t y l a t e d   c h i t i n   a t   a  w e i g h t   r a t i o   of   1 0 0 :  

1 0 : 1 0 .   The  t h u s   p r e p a r e d   a q u e o u s   m i x t u r e   w a s  

s u b j e c t e d   t o   e l e c t r o d e p o s i t i o n   in   t h e   same  m a n n e r   a s  

in   E x a m p l e   1  t o   p r e p a r e   a  t u b u l a r   m e m b r a n e ,   one   o f  

t h e   c o m p o s i t e   m a t e r i a l s   of  t h e   p r e s e n t   i n v e n t i o n .   T h e  

m e c h a n i c a l   p r o p e r t i e s   of  t h e   m e m b r a n e ,   d e t e r m i n e d   a s  
in  E x a m p l e   1,  w e r e :   9  x  1 0  m   (9  µ)  in   t h i c k n e s s ,  

4 . 8   x  1 0 6 k g / m 2   (480   k g / c m 2 )   in   t e n s i l e   s t r e n g t h ,   33%  i n  

e l o n g a t i o n   a t   b r e a k   and   3 . 4   x  10-2  kg   m/m  (34g   cm/cm)   i n  

t e a r   s t r e n g t h .  

EXAMPLE  1 5 :  

I n t o   2  x  10 -2m3  (20  l i t r e s )   of  A t k i n s - P a n t i n  

b u f f e r   s o l u t i o n   of  pH  9  c o n t a i n i n g   0 .2%  by  w e i g h t   o f  

" P r o n a s e "   ( m a n u f a c t u r e d   by  Kaken   Chem.  Co.  L t d . ,   J a p a n ) ,  

one  kg  of  t h e   r e f i n e d   h i d e   o b t a i n e d   i n ' E x a m p l e   1  b e f o r e  

t h e   c r o s s l i n k i n g   t r e a t m e n t   was  i m m e r s e d   f o r   24  h o u r s  

u n d e r   s l o w   s t i r r i n g   to   b r i n g   t h e   h i d e   i n t o   r e a c t i o n  

w i t h   P r o n a s e .   A f t e r  t h e   r e a c t i o n   was  o v e r ,   t h e   l u m p y  

m a t e r i a l   was  r e c o v e r e d   by  c e n t r i f u g a t i o n   and  w a s h e d  

w i t h   w a t e r   to   p u r i f y   i t .   The  p u r i f i e d   m a t e r i a l   w a s  

d i s s o l v e d   i n t o   an  a q u e o u s   1N  h y d r o c h l o r i c   a c i d   s o l u t i o n  

of  pH  of   3 . 5   t o   o b t a i n   1 0 0 k g   of  an  u n i f o r m   s o l u t i o n   o f  

s o l u b i l i z e d   c o l l a g e n .   On  d e t e r m i n a t i o n   of  t h e  

c o n c e n t r a t i o n   of   s o l u b i l i z e d   c o l l a g e n   in   t h e   s o l u t i o n  

by  t a k i n g   and  e x a m i n i n g   a  s m a l l   p o r t i o n   of  t h e   s o l u t i o n  

a f t e r   f r e e z e - d r y i n g ,   i t   was  f o u n d   to   be  0 . 9 5 %   by  w e i g h t .  

To  1 3 . 5 k g   of  t h e   a q u e o u s   2.5%  c r o s s l i n k e d  

c o l l a g e n   d i s p e r s i o n   p r e p a r e d   in   E x a m p l e   1,  50kg  o f  

d e - i o n i z e d   w a t e r   w e r e   a d d e d   u n d e r   h i g h   s p e e d   s t i r r i n g .  

3 . 9 5 K g   of  t h e   t h u s   o b t a i n e d   a q u e o u s   s o l u t i o n   o f  

s o l u b i l i z e d   c o l l a g e n   w e r e   a d d e d   to   t h i s   m i x t u r e .   T h e n  

t h e   w h o l e   m i x t u r e   was  s t i r r e d   f o r   30  min .   7 . 4 8   x  1 0 - l k g  

( 7 4 8 g )   of  t h e   a q u e o u s   d e - N - a c e t y l a t e d   c h i t i n   s o l u t i o n  

p r e p a r e d   in   E x a m p l e   1  and   3 . 7 4   x  1 0 - l k g   ( 3 7 4 g )   of   t h e  

a q u e o u s   g e l a t i n   s o l u t i o n   p r e p a r e d   in  E x a m p l e   2  w e r e  



a d d e d   t o   t h i s   m i x t u r e   and   t h e   r e s u l t i n g   m i x t u r e   w a s  

s t i r r e d   w e l l .   In  t h e   t h u s   p r e p a r e d   a q u e o u s   m i x t u r e ,  

t h e   w e i g h t   r a t i o   of  c o l l a g e n   f i b e r s :   s o l u b l e   c o l l a g e n :  

g e l a t i n :   d e - N - a c e t y l a t e d   c h i t i n   was  9 0 : 1 0 : 1 0 : 2 0 .  

By  s u b j e c t i n g   t h e   a q u e o u s   m i x t u r e   t o  

e l e c t r o d e p o s i t i o n   w h i l e   u s i n g   t h e   a p p a r a t u s   u s e d   i n  

E x a m p l e   1,  a  c o m p o s i t e   m a t e r i a l ,   i . e .   a  t u b u l a r   m e m b r a n e ,  

of  t h e   p r e s e n t   i n v e n t i o n   was  o b t a i n e d   of  w h i c h   t h e  

m e c h a n i c a l   p r o p e r t i e s ,   d e t e r m i n e d   as  in   E x a m p l e   1,  w e r e :  

9  x  1 0  6 m   (9  µ)  in   t h i c k n e s s ,   5  x  1 0 6 k g / m 2   (500  k g / c m 2 )  

in   t e n s i l e   s t r e n g t h ,   35%  in   e l o n g a t i o n   a t   b r e a k   a n d  

3 . 5   x  1 0 - 2 k g   m/m  (35g   cm/cm)   in  t e a r   s t r e n g t h .  

EXAMPLE  1 6 :  
1 0 - 3 K g   (one   g ram)   of  a c i d i c   p r o t e a s e   w a s  

a d d e d   t o   5  x  10 -2  kg   ( 5 0 g )   of  an  a q u e o u s   d i s p e r s i o n   o f  

2 .5%  by  w e i g h t   of  u n c r o s s l i n k e d   c o l l a g e n   p r e p a r e d  

f o l l o w i n g   t h e   p r o c e d u r e s   in   E x a m p l e   1.  A f t e r   k e e p i n g  

t h e   m i x t u r e   f o r   5  h o u r s   a t   37°C,   t h e   m i x t u r e   w a s  

n e u t r a l i z e d   and   c e n t r i f u g e d .   The  s o l i d   m a t t e r  

r e c o v e r e d   was  w a s h e d   w i t h   w a t e r ,   and  t h e n   a d j u s t e d   t o  

pH  3 . 5   by  t h e   a d d i t i o n   of  an  a q u e o u s   IN  h y d r o c h l o r i c  

a c i d   s o l u t i o n .   The  t h u s   p r e p a r e d   m i x t u r e ,   w e i g h i n g  

l k g ,   was  s u b j e c t e d  t o   h o m o g e n i z a t i o n   a t   a  t e m p e r a t u r e  

l o w e r   t h a n   10°C  t o   f i n e l y   d i v i d e   i t   f u r t h e r .   The  t h u s  

o b t a i n e d   l i q u i d   i s   h e r e i n a f t e r   r e f e r r e d   to   as  L i q u i d   B .  

A  h o m o g e n e o u s   s o l u t i o n   of  2  x  10-2  kg   ( 2 0 g )  

of  d e - N - a c e t y l a t e d   c h i t i n   d i s s o l v e d   in   an  a q u e o u s   5% 

by  w e i g h t   of  a c e t i c   a c i d   s o l u t i o n ,   h e r e i n a f t e r   r e f e r r e d  

to   as  L i q u i d   A,  was  a d d e d   to   L i q u i d   B,  and  t h e   m i x t u r e  

w a s  p r o c e s s e d   t o   f o r m   a  h o m o g e n e o u s   s o l u t i o n   by  a  

h o m o g e n i z e r .  

I n t o   a  3 - l i t r e   f l a s k   p r o v i d e d   w i t h   a  s t i r r e r ,   i n  

w h i c h   2  x  10-3m3  (2  l i t r e s )   of  d e c a h y d r o n a p h t h a l e n e   a n d  

1 0 - 3 k g   (one   g ram)   of  p o l y o x y e t h y l e n e   s o r b i t a n   ( t r a d e  

name  Twin   80)  w e r e   p l a c e d ,   10  4m3  (100  ml)  of  t h e  



m i x t u r e   of   L i q u i d   A  and   L i q u i d   B  was  a d d e d .   The  w h o l e  

m i x t u r e   was  s t i r r e d   a t   1 , 0 0 0   rpm  f o r   one   h o u r   to   f o r m  

a  d i s p e r s i o n .   By  r e - d i s p e r s i n g   t h e   d i s p e r s i o n   i n  
1 0 - 2 m 3   (10  l i t r e s )   o f   e t h a n o l ,   i n s o l u b l e   m a t t e r   w a s  

o b t a i n e d .   The  i n s o l u b l e   m a t t e r   was  r e c o v e r e d   b y  

f i l t r a t i o n   and  w a s h e d   r e p e a t e d l y   w i t h   e t h a n o l   to   r e m o v e  

t h e   o r g a n i c   s u b s t a n c e s   ( e x c e p t   e t h a n o l ) .   The  t h u s  

t r e a t e d   i n s o l u b l e   s u b s t a n c e   was  r e - d i s p e r s e d   in   1 0 - 3 m 3  

( o n e   l i t r e )   of  an  a q u e o u s   2%  by  w e i g h t   a m m o n i u m  

h y d r o x i d e   s o l u t i o n .   A f t e r   n e u t r a l i z i n g   t h e   d i s p e r s i o n ,  

r e c o v e r i n g   t h e   p r e c i p i t a t e   by  f i l t r a t i o n   and   w a s h i n g  

w i t h   w a t e r ,   s p h e r i c a l   p a r t i c l e s   of  a  c o m p o s i t e   m a t e r i a l  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   w e r e   o b t a i n e d  

( S p e c i m e n   H)  of  p a r t i c l e   s i z e   of  1 0 - 4   t o   10 -3m  ( 0 . 1   t o  

1 . 0   mm)  in   d i a m e t e r .  

A f t e r   f r e e z e - d r y i n g   S p e c i m e n   H,  1 0 - 3 k g   ( o n e  

g r a m )   of   d r i e d   S p e c i m e n   H  was  p u t   i n t o   an  a q u e o u s  

p h y s i o l o g i c a l   s a l i n e   s o l u t i o n .   The  s o l u t i o n   w a s  

f i l t e r e d   o f f   to   r e c o v e r   s p h e r i c a l   p a r t i c l e s .   A  g l a s s  

c o l u m n   8  x  1 0 - 3 m  ( 8   mm)  in   i n t e r n a l   d i a m e t e r   was  f i l l e d  

w i t h   t h e s e   s p h e r i c a l   p a r t i c l e s .   5  x  1 0 - 5 m 3   ( 5 0 m l )   o f  

r a b b i t ' s   b l o o d   to   w h i c h   250  u n i t s   of  h e p a r i n   h a d   b e e n  

a d d e d   w e r e   p e r f u s e d   t h r o u g h   t h e   c o l u m n   a t   a  r a t e   o f  

3 . 3   x  1 0 - 7 m 3 / s   (20  m l / m i n )   a t   37°C  f o r   15  m i n .   A f t e r  

s t o p p i n g   t h e   c i r c u l a t i o n ,   t h e   b l o o d   was  r e m o v e d   f r o m  

t h e   c o l u m n   as  s o o n   as  p o s s i b l e .   The  c o l u m n   was  w a s h e d  

w i t h   an  a q u e o u s   p h y s i o l o g i c a l   s a l i n e   s o l u t i o n ,   and  t h e n  

t h e   s p h e r i c a l   p a r t i c l e s   w e r e   t a k e n   o u t   f r o m   t h e   c o l u m n  

to   e x a m i n e   t h e   d e g r e e   of  a d h e r e n c e   of  p l a t e l e t s   a n d  

b l o o d   c o r p u s c l e s   on  t h e   p a r t i c l e s .   The  a d h e r e n c e   o f  

b o t h   t h e   p l a t e l e t s   and   b l o o d   c o r p u s c l e s   was  c l e a r l y  

n o t i c e a b l e .  



EXAMPLE  1 7 :  

To  5  x  1 0  2 k g   ( 5 0 g )   of  t h e   a q u e o u s   d i s p e r s i o n  

of  c r o s s l i n k e d   c o l l a g e n   f i b e r   p r e p a r e d   in   E x a m p l e   1 ,  

7 . 5   x  1 0 - 3 k g   ( 7 . 5 g )   of  t h e   a q u e o u s   s o l u t i o n   of   g e l a t i n  

of   E x a m p l e   2  w e r e   a d d e d .   A f t e r   a d j u s t i n g   t h e   pH  of  t h e  

m i x t u r e   by  t h e   a d d i t i o n   of   an  1N  a q u e o u s   h y d r o c h l o r i c   a c i d  

s o l u t i o n   to   3 . 5 ,   t h e   m i x t u r e   a m o u n t i n g   to   1  kg  was  s u b j e c t e d  

a t   a  t e m p e r a t u r e   of   l o w e r   t h a n   10°C  to   a  h o m o g e n i z e r   t o  

f i n e l y   d i v i d e   t h e   c o l l a g e n .   The  t h u s   p r e p a r e d   d i s p e r s i o n  

i s   r e f e r r e d   t o   as  L i q u i d   C .  

A  m i x t u r e   of  L i q u i d   C  and  L i q u i d   A  of  E x a m p l e  

16  was  p r e p a r e d   and  s u b j e c t e d   to   h o m o g e n i z a t i o n   to   o b t a i n  

a  h o m o g e n e o u s   d i s p e r s i o n .  

I n t o   a  3 - l i t r e   f l a s k   p r o v i d e d   w i t h   a  s t i r r e r ,   i n  

w h i c h   2  x  10-3m3  (2  l i t r e s )   of  d e c a h y d r o n a p h t h a l e n e   a n d  
1 0 - 3 k g   (one   g ram)   of  p o l y o x y e t h y l e n e   s o r b i t a n   ( T r a d e   n a m e  

Twin  80)  w e r e   p l a c e d ,   10-4m3  (100  ml)  of  t h e   h o m o g e n e o u s  

d i s p e r s i o n   of  t h e   m i x t u r e   of  L i q u i d s   C  and  A  w e r e  

i n t r o d u c e d .   A f t e r   one  h o u r   of  s t i r r i n g   a t   1000   rpm,  t h e  

m i x t u r e   was  r e - d i s p e r s e d   i n t o   10-2m3  (10  l i t r e s )   of  e t h a n o l  

to   o b t a i n   an  i n s o l u b l e   m a t e r i a l .   The  i n s o l u b l e   m a t e r i a l  

was  c o l l e c t e d   by  f i l t r a t i o n   and  w a s h e d   r e p e a t e d l y   w i t h  

e t h a n o l   to   r e m o v e   d e c a h y d r o n a p h t h a l e n e .   T h e n ,   t h e   w a s h e d  

m a t e r i a l   was  a g a i n   d i s p e r s e d   in   10 -3m3  ( o n e , l i t r e )   of  a n  

a q u e o u s   2%  by  w e i g h t   ammonium  h y d r o x i d e   s o l u t i o n .   On 

n e u t r a l i z i n g   t h e   d i s p e r s i o n ,   s p h e r i c a l   p a r t i c l e s   w e r e  

d e p o s i t e d .   The  p a r t i c l e s   w e r e   c o l l e c t e d   by  f i l t r a t i o n ,  

and  w a s h e d   w i t h   w a t e r   to   o b t a i n   a  c o m p o s i t e   m a t e r i a l   o f  

t h e   p r e s e n t   i n v e n t i o n   ( S p e c i m e n   K).  The  s p h e r i c a l  

p a r t i c l e s   w e r e   1 0 - 4   to   10 -3m  ( 0 . 1   to   1 . 0   mm)  in   d i a m e t e r .  

R e s u l t s   of  e x a m i n a t i o n   of   t h e   s u r f a c e   of  t h e   p a r t i c l e s  

of  S p e c i m e n   K  as  in   E x a m p l e   16  showed   t h e   a d h e r e n c e   o f  

p l a t e l e t s   and  b l o o d   c o r p u s c l e s   on  t h e   s u r f a c e   of  t h e  

p a r t i c l e s .  



EXAMPLE  1 8 :  

A f t e r   p o u r i n g   t h e   a q u e o u s   m i x t u r e   of   c o l l a g e n  

f i b e r   and   d e - N - a c e t y l a t e d   c h i t i n   p r e p a r e d   in   E x a m p l e   6 

o n t o   a  p l a t e   2  x  10 -1m  (200   mm)  s q u a r e   to   a  t h i c k n e s s   o f  

5  x  10 -3m  (5  mm)  and  l e a v i n g   f o r   one   h o u r ,   t h e   p l a t e   a n d  

t h e   m i x t u r e   w e r e   i m m e r s e d   in   an  a q u e o u s   O . l N   a m m o n i u m  

h y d r o x i d e   s o l u t i o n   to   n e u t r a l i z e   t h e   a c i d i t y ,   and   w a s h e d  

w i t h   d e - i o n i z e d   w a t e r   to   r e m o v e   s a l t s .   The  t h u s   o b t a i n e d  

m a t e r i a l   was  i m m e r s e d   in   an  a q u e o u s   O.lM  d i s o d i u m   p h o s p h a t e  

s o l u t i o n   c o n t a i n i n g   0.5%  by  w e i g h t   of  f o r m a l d e h y d e   a t   3 0 ° C  

f o r   one  h o u r   and  t h e n   w a s h e d   w i t h   w a t e r .   The  t h u s   o b t a i n e d  

m a t e r i a l   was  f r e e z e - d r i e d .   The  m a t e r i a l   t o o k   t h e   f o r m   o f  

a  s p o n g e .   The  s p o n g e   showed   an  a b s o r p t i o n   of   a q u e o u s  

p h y s i o l o g i c a l   s a l i n e   s o l u t i o n   of   20  kg  p e r   kg  of   t h e  

m a t e r i a l .   F u r t h e r ,   i t   s h o w e d   a  s t r o n g   c o a g u l a t i o n   a c t i v i t y  

t o   b l o o d .   A c c o r d i n g l y ,   i t   h a s   b e e n   f o u n d   t h a t   i t   i s  

p o s s i b l e   t o   u s e   t h e   m a t e r i a l   as  a  m e n s t r u a l   pad   m a t e r i a l  

and  as  a  g a r r o t   t o u r n i q u e t   f o r   u r g e n t   c a s e s .  

EXAMPLE  1 9 :  

The  a q u e o u s   m i x t u r e   of  c o l l a g e n   f i b e r ,   g e l a t i n  

and  d e - N - a c e t y l a t e d   c h i t i n   of   E x a m p l e   2  was  t r e a t e d   in   t h e  

same  m a n n e r   as  i n   E x a m p l e   18  t o   o b t a i n   a  s p o n g e .   T h i s  

m a t e r i a l   s h o w e d   an  a b s o r p t i o n   a b i l i t y   to   an  a q u e o u s  

p h y s i o l o g i c a l   s a l i n e   s o l u t i o n   of  21  k g / k g   m a t e r i a l ,   and  a  

s t r o n g   c o a g u l a t i n g   p r o p e r t y   to   human  b l o o d .   A c c o r d i n g l y ,  

i t   was  f o u n d   t h a t   t h e   m a t e r i a l   i s   a p p l i c a b l e   f o r   u se   i n  

m e n s t r u a l   p a d s   and  t o u r n i q u e t s   f o r   u r g e n t   c a s e s .  

EXAMPLE  2 0 :  

3  x  1 0 - 2 k g   (30g)   of  t h e   s p h e r i c a l   p a r t i c l e s  

( S p e c i m e n   H  of   E x a m p l e   16)  w e r e   a d d e d   to   a  s o l u t i o n  

p r e p a r e d   by  d i s s o l v i n g   1 0 *  k g   ( l g )   of  g l u c o s e - i s o m e r a s e  

( 2 0 0 0   U / g ;   m a n u f a c t u r e d   by  N a g a s e   S a n g y o   Co.  L t d . )   i n  

an  a q u e o u s   O.lM  d i s o d i u m   p h o s p h a t e   s o l u t i o n .   A f t e r  

s t i r r i n g   t h e   m i x t u r e   f o r   2  h o u r s   a t   5°C,  2  x  1 0 - 6 m 3  

(2  ml)  of   an  a q u e o u s   25%  by  w e i g h t   g l u t a r a l d e h y d e   s o l u t i o n  



was  a d d e d   to   t h e   m i x t u r e .   A f t e r   l e a v i n g   t h e   m i x t u r e   f o r  

5  h o u r s ,   s o l i d   m a t e r i a l s   w e r e   r e c o v e r e d   by  f i l t r a t i o n ,  

w a s h e d   w i t h   an  a q u e o u s   p h o s p h o r i c   b u f f e r   s o l u t i o n   of  pH  

of   7 . 0   and  a d d e d   to   5  x  1 0 - 4 m 3   (500   ml)   of  an  a q u e o u s  

p h o s p h o r i c   b u f f e r   s o l u t i o n   c o n t a i n i n g   2  x  1 0 "  k g   (2g)   o f  

g l u c o s e .   A f t e r   t h u s   t r e a t i n g   t h e   m i x t u r e   f o r   60  m i n . a t  

70°C ,   t h e   g l u c o s e   and  f r u c t o s e   c o n t e n t s   of   t h e   s o l i d  

m a t e r i a l   w e r e   6  x  1 0 - 4 k g   and  1 . 4   x  1 0 - 3 k g   (600  and  1400  m g ) ,  

r e s p e c t i v e l y ,   and  t h e   a m o u n t   of  enzyme   ( g l u c o s e - i s o m e r a s e )  

f i x e d   to   t h e   m a t e r i a l   was  0 %   of  t h e   o r i g i n a l l y   a p p l i e d  

a m o u n t .  

In  a d d i t i o n ,   s e p a r a t e l y ,   t h e   pH  of  t h e   s o l u t i o n  

of   c o l l a g e n   and  d e - N - a c e t y l a t e d   c h i t i n   b e f o r e   r e - d i s p e r s i o n  

in   E x a m p l e   16  was  a d j u s t e d   to   6 . 0 .   1 0  K g   ( l g )   of  g l u c o s e -  

i s o m e r a s e   was  a d d e d   to   t h e   s o l u t i o n   a t   5°C.  A f t e r  

r e - d i s p e r s i n g   t h e   m i x t u r e   as  in   E x a m p l e   16,  t h e   s o l i d  

m a t t e r   was  r e c o v e r e d   by  f i l t r a t i o n   and   w a s h e d   w i t h   e t h a n o l  

and  t h e n   w i t h   an  a q u e o u s   p h o s p h o r i c   b u f f e r   s o l u t i o n   of  pH  

of  7 . 0 .   I t   was  f o u n d   t h a t   85%  of  t h e   o r i g i n a l   a m o u n t   o f  

e n z y m e   ( g l u c o s e - i s o m e r a s e )   was  f i x e d   o n t o   t h e   s o l i d   m a t t e r .  

T h e s e   r e s u l t s   show  t h a t   i t   i s   p o s s i b l e   to   u s e  

t h e   m a t e r i a l   as  a  c a r r i e r   f o r   f i x e d   e n z y m e s   and  m i c r o b i a l  

b o d i e s .  

EXAMPLE  2 1 :  

The  p r o c e d u r e s   of   E x a m p l e   20  w e r e   c a r r i e d   o u t  

e x c e p t   f o r   u s i n g   S p e c i m e n   K  o b t a i n e d   in   E x a m p l e   17  i n s t e a d  

of  S p e c i m e n   H.  The  a m o u n t s   of  g l u c o s e   and  f r u c t o s e   o n  

S p e c i m e n   K  a f t e r   t h e   t r e a t m e n t   a t   70°C  f o r   60  min  w e r e  

6  x  1 0 - 4   and  1 . 4   x  1 0 - 3 k g   (600  and  1400   mg) ,   r e s p e c t i v e l y ,  

and  70%  of  t h e   o r i g i n a l   a m o u n t   of  t h e   g l u c o s e - i s o m e r a s e   w a s  

f i x e d   to   t h e   m a t e r i a l .  

From  t h e s e   r e s u l t s ,   i t   h a s   b e e n   f o u n d   t h a t   i t   i s  

p o s s i b l e   to   e m p l o y   a  c o m p o s i t e   m a t e r i a l   a c c o r d i n g   to   t h e  

p r e s e n t   i n v e n t i o n ,   i . e .   S p e c i m e n   K,  as  a  c a r r i e r   of  f i x e d  

e n z y m e s   and  m i c r o b i a l   b o d i e s .  



EXAMPLE  2 2 :  

A f t e r   i m m e r s i n g   C o m p a r a t i v e   S p e c i m e n   A,  c o m p r i s i n g  

a  s h a p e d   m a t e r i a l   c o n s i s t i n g   o n l y   of  c o l l a g e n   f i b e r s ,   in   a  

h o m o g e n e o u s   s o l u t i o n   of  a  v i s c o s i t y   of  5  x  1 0 - 2   Pas   (50  c P )  

p r e p a r e d   by  a d d i n g   5  x  1 0 - 3 k g   (5g)   of   d e - N - a c e t y l a t e d   c h i t i n  

h a v i n g   a  d e g r e e   of   d e - N - a c e t y l a t i o n   of   85%  to   1 0 -  3 m 3  ( o n e  

l i t r e )   of   an  a q u e o u s   1%  a c e t i c   a c i d   s o l u t i o n   a t   20°C  f o r  

one  h o u r ,   t h e   e x c e s s   a q u e o u s   s o l u t i o n   was  r e m o v e d .   T h e  

t h u s   t r e a t e d   m a t e r i a l   in  a  wet   s t a t e   was  i m m e r s e d   o n c e   i n  

an  a q u e o u s   O . l N   ammonia   s o l u t i o n .   Then  t h e   s h a p e d   m a t e r i a l  

was  w a s h e d   w i t h   w a t e r   to   r e m o v e   any  a t t a c h e d   a m m o n i u m  

a c e t a t e   and  ammonia   to   o b t a i n   a  c o m p o s i t e   m a t e r i a l   a c c o r d i n g  

to   t h e   p r e s e n t   i n v e n t i o n .   T h i s   c o m p o s i t e   m a t e r i a l   s h o w e d  

t h e   f o l l o w i n g   m e c h a n i c a l   p r o p e r t i e s :   3 . 9 5   x  10-6  k g / m 2  

(395   k g / c m 2 )   in   t e n s i l e   s t r e n g t h ,   33%  of  e l o n g a t i o n   a t  

b r e a k   and  5  x  1 0 - 2   kg  m/m  (50  g  cm/cm)   of  t e a r   s t r e n g t h .  

The  a m o u n t   of   d e - N - a c e t y l a t e d   c h i t i n   in   t h e   c o m p o s i t e  

m a t e r i a l   r e l a t i v e   to   t h e   c o l l a g e n   f i b e r s   was  2 / 1 0 0   b y  

w e i g h t .  

EXAMPLE  2 3 :  

In  t h e   m a n n e r   of  E x a m p l e   22  e x c e p t   f o r  

u s i n g   C o m p a r a t i v e   S p e c i m e n   B  o b t a i n e d   in   E x a m p l e   2  and  a  
s o l u t i o n  ( v i s c o s i t y :   1 0 - 1   Pas   (100   cP))  of  d e - N - a c e t y l a t e d  

c h i t i n   h a v i n g   a  d e g r e e   of  d e - N - a c e t y l a t i o n   of   75%,  a  

c o m p o s i t e   m a t e r i a l   of  t h e   p r e s e n t   i n v e n t i o n   w a s  o b t a i n e d .  

The  m e c h a n i c a l   p r o p e r t i e s   t h e r e o f   w e r e :   4  x  106  k g / m 2  

(400   k g / c m 2 )   in   t e n s i l e   s t r e n g t h ,   30%  in  e l o n g a t i o n   a t  

b r e a k   and  3  x  1 0  2   kg  m/m  (30g   cm/cm)   in   t e a r   s t r e n g t h .  

The  c o n t e n t   of  d e - N - a c e t y l a t e d   c h i t i n   in   t h e   c o m p o s i t e  

m a t e r i a l   o b t a i n e d   in   t h i s   E x a m p l e   was  2  p a r t s   p e r   100  p a r t s  

of  c o l l a g e n   f i b e r .  



1.  A  c o m p o s i t e   m a t e r i a l   c o m p r i s i n g   d e - N -  

a c e t y l a t e d   c h i t i n   and   f i b r o u s   c o l l a g e n .  

2.  A  m a t e r i a l   a c c o r d i n g   to   c l a i m   1,  f u r t h e r  

c o m p r i s i n g   g e l a t i n   a n d / o r   s o l u b l e   c o l l a g e n .  

3.  A  m a t e r i a l   a c c o r d i n g   to   c l a i m   1  o r   2 ,  

w h e r e i n   t h e   f i b r o u s   c o l l a g e n   h a s   b e e n   p r e v i o u s l y   c r o s s -  
l i n k e d   o r   a c y l a t e d .  

4.   A  m a t e r i a l   a c c o r d i n g   to   a n y  o n e   of   t h e  

p r e c e d i n g   c l a i m s ,   w h i c h   i s   f u r t h e r   c r o s s - l i n k e d .  

5.  A  p r o c e s s   f o r   p r e p a r i n g   a  c o m p o s i t e   m a t e r i a l  

as  c l a i m e d   in   a n y  o n e   of  t h e   p r e c e d i n g   c l a i m s ,   w h i c h  

p r o c e s s   c o m p r i s e s   b r i n g i n g   d e - N - a c e t y l a t e d   c h i t i n   i n t o  

c o n t a c t   w i t h   f i b r o u s   c o l l a g e n   and   o p t i o n a l l y   g e l a t i n  

a n d / o r   s o l u b l e   c o l l a g e n   in   an  a c i d i c   med ium  a n d  

d e a c i d i f y i n g   t h e   p r o d u c t   t h u s   o b t a i n e d .  

6.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   5,  w h e r e i n  

c o n t a c t   b e t w e e n  t h e   d e - N - a c e t y l a t e d   c h i t i n   and  f i b r o u s  

c o l l a g e n   i s   e f f e c t e d   by  m i x i n g   an  a q u e o u s   a c i d i c   s o l u t i o n  

of   t h e   d e - N - a c e t y l a t e d   c h i t i n   and  an  a q u e o u s   d i s p e r s i o n  

of   f i b r o u s   c o l l a g e n   or   by  i m m e r s i n g   a  m a t e r i a l   made  o f  

f i b r o u s   c o l l a g e n   in   an  a q u e o u s   a c i d i c   s o l u t i o n   of   t h e  

d e - N - a c e t y l a t e d   c h i t i n .  

7.  A  p r o c e s s   a c c o r d i n g   to   c l a i m   5  o r   6,  w h e r e i n  

t h e   f i b r o u s   c o l l a g e n   h a s   b e e n   c r o s s - l i n k e d   o r   a c y l a t e d  

b e f o r e   c o n t a c t   w i t h   t h e   d e - N - a c e t y l a t e d   c h i t i n .  

8.  A  p r o c e s s   a c c o r d i n g   t o   a n y  o n e   of  c l a i m s   5 

to   7,  w h e r e i n   d e a c i d i f i c a t i o n - i s   e f f e c t e d   by  t h e   a d d i t i o n  

of   an  a q u e o u s   a l k a l i n e   s o l u t i o n ,   by  r e m o v a l   of   t h e   a c i d  

by  e v a p o r a t i o n   or   by  e l e c t r o d e p o s i t i o n .  

9.  A  p r o c e s s   a c c o r d i n g   to   a n y  o n e   of   c l a i m s   5 

to   8,  w h e r e i n   t h e   r e s u l t a n t   c o m p o s i t e   m a t e r i a l   i s  

f u r t h e r   c r o s s - l i n k e d .  



10.   Use  of   a  c o m p o s i t e   m a t e r i a l   as  c l a i m e d  

in   a n y  o n e   of   c l a i m s   1  to   4  o r   w h i c h   h a s   b e e n  p r o d u c e d  

by  a  p r o c e s s   as   c l a i m e d   in   a n y  o n e   of   c l a i m s   5  to   9  i n  

f o o d ,   in   m e d i c i n e   o r   as  a  b a s e   m a t e r i a l   f o r   i m m o b i l i z i n g  

an  e n z y m e .  
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